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REPORT 


OF 


THE  PENNSYLVANIA  STATE  COLLEGE, 


FOR  THE  YEAR  1899-1900. 


Harrisburg,  Pa.,  June  30,  1900. 
To  the  Senate  and  House  of  Representatives  of  the  Commonwealth 

of  Pennsylvania: 
I  have  the  honor  herewith  to  transmit  the  Treasurer's  report  of 
the  receipts  and  expenditures  of  The  Pennsylvania  State  College,  for 
the  year  1899-1900,  as  required  by  law;  and  in  connection  therewith, 
the  reports  of  the  President  of  the  College,  and  of  Professors  in 
charge  of  the  departments  of  instruction.  I  venture  to  call  atten- 
tion to  these  reports  as  containing  matter  of  great  interest  to  the 
people  of  the  Commonwealth. 

JAMES  A.  BEAVER, 
President  of  the  Board  of  Trustees. 
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I.— PRESIDENT'S  REPORT. 


To  the  Board  of  Trustees  of  the  Pennsylvania  State  College: 

Gentlemen: — I  have  the  honor  to  present  herewith  my  report  for 
the  College  year  1899-1900,  accompanied  by  those  of  Professors  in  the 
several  Departments  of  the  College. 

The  following  changes  in  the  teaching  staff  have  occurred  during 
the  year: 

Profeseor  Martin  G.  Benedict,  in  charge  of  the  Sub-Freshman 
Glass,  resigned  his  position  at  the  close  of  the  last  College  year,  and 
Assistant  Professor  John  H.  Leete  was  appointed  in  his  place. 

Dr.  Henry  T.  Fernald  resigned  his  position  as  Professor  of  Zoology 
to  accept  an  appointment  at  the  Massachusetts  Agricultural  College, 
and  Miss  Elizabeth  B.  Meek  temporarily  assumed  charge  of  the  work 
of  his  Department.  Mr.  Carl  L.  Becker  was  appointed  Instructor 
in  History  and  Political  Science;  Mr.  Norman  C.  Biggs,  Instructor 
in  Mathematics;  and  Mr.  C.  M.  H.  Atherton,  Assistant  in  the  Chem- 
ical Laboratories.  The  only  addition  to  the  previous  teaching  force 
made  by  these  appointments  was  in  the  case  of  Mr.  Becker,  by  the 
appointment  of  whom  much  needed  opportunity  was  provided  for 
additional  work  in  Political  and  Social  Science. 

During  the  year  a  long  contemplated  change  has  been  made  in  the 
distribution  of  studies  by  dividing  the  work  of  the  College  year 
into  two  periods  instead  of  three.  This  change  will  take  effect  at 
the  beginning  of  the  next  College  year,  and  the  hope  of  the  Faculty 
is  that  it  will  result  in  important  advantages,  especially  by  allowing 
concentration  on  fewer  subjects  at  one  time,  with  longer  periods  of 
continuous  work.  Under  this  arrangement  the  entire  Fall  S<ission 
will  be  given  to  advanced  work  with  reviews  and  examinations  im- 
mediately following  the  Christmas  vacation.  The  second  Semester 
will  then  follow  immediately  upon  the  close  of  examinations,  with 
substantially  the  same  distribution  of  time  as  during  the  first  Semes- 
ter. The  experience  of  the  College  has  been  that  many  students 
have  found  difficulty  in  carrying  the  full  work  of  the  first  Session, 
Freshman  year,  and  have  been  unable  to  stand  the  test  of  examina- 
tions at  its  close.  It  is  anticipated  that  the  change  proposed,  by 
giving  them  their  first  reviews  and  examinations  after  a  longer  ex- 
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perience  in  methods  of  College  work,  will  result  in  saving  a  con- 
siderable number  who  would  have  failed  under  the  former  system. 

In  connection  with  this  change  in  the  distribution  of  work, 
should  be  noted  the  increased  provision  that  had  been  made  during 
the  year  for  instruction  in  History,  Political  Science,  Philosophy, 
and  Modern  Languages.  The  value  of  such  studies,  as  a  part  of  the 
training  of  students  in  technical  courses,  is  coming  to  be  more 
widely  recognized  year  by  year  throughout  the  educational  world. 
While  careful  attention  must  be  given  to  both  pure  and  experimental 
science  by  those  who  are  preparing  for  the  industrial  professions, 
experience  shows  that  a  purely  technical  training  is  in  danger  of 
becoming  too  narrow,  unless  associated  with  other  branches  of  study 
of  a  kind  to  stimulate  and  broaden  the  range  of  intellectual  activity. 
The  demand  of  the  age  is  for  a  breadth  and  grasp  of  intellec- 
tual power  that  shall  keep  pace  with  the  enormous  material  ad- 
vancement which  the  world  is  now  witnessing.  The  real  problem 
in  technical  education,  is,  accordingly,  how  to  secure  the  greatest 
economy  of  time  and  labor  in  laying  the  foundations  of  a  professional 
career,  and,  at  the  same  time,  to  impart  an  education,  in  the  older 
sense  of  the  term,  which  shall  look  to  the  development  of  the  man, 
as  such.  From  the  nature  of  the  case,  a  tenchnical  training,  with 
its  constant  accompaniment  of  laboratory  practice,  involves  more  or 
less  of  the  professional  element  and  thus  becomes,  to  a  degr^, 
true  univei*sity  work.  The  attractiveness  of  such  work  is  almost 
certain  to  absorb  the  student^s  attention  and  to  make  him  increas- 
ingly impatient  of  the  careful  drill  necessary  to  a  mastery  of  founda- 
tion studies.  It  is  for  this  reason  all  the  more  important  that 
the  studies  in  the  earlier  stages  of  such  a  course  should  be  care- 
fully selected,  proi)erly  balanced,  and  rigidly  required.  This  theory 
involve®  the  fact  that  there  are  certain  general  subjects  without 
a  fair  acquaintance  with  which  no  man  can  be  regarded  as  educated, 
even  in  the  narrowest  sense,  and  a  knowledge  of  which  is  absolutely 
indispensable  in  enabling  one  to  make  the  most  extensive  tech- 
nical training  fully  available.  The  College  has  now  for  many  years 
steadily  pursued  the  line  of  policy  thus  briefly  hinted  at,  and  the 
continued  success  of  our  graduates  furnishes  mo»t  gratifying  evi- 
dence of  its  correctness.  For  the  last  two  or  three  years,  almost 
every  member  of  the  graduating  class  has  been  assured  of  a  position 
before  taking  his  degree,  and  it  has  frequently  happened  that  the 
heads  of  departments  in  the  College  had  more  calls  for  men  thaii  they 
could  supply. 

The  requirements  for  admission  to  the  Freshman  Class  are  nom- 
inally the  same  as  for  the  past  two  or  three  years,  but  it  has  been 
gratifying  to  note  many  signs  of  steady  improvement  in  the  quality 
of  the  preparation  of  candidates.    We  have  many  evidences  of  in- 
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creasing  effort  on  the  part  of  preparatory  schools  to  meet  the 
entrance  requiremente  of  the  College,  and  the  result  has  been  a 
steady  strengthening  of  the  work  in  our  several  courses,  but  much 
is  still  to  be  desired  in  this  direction.  A  considerable  number  of 
students  who  have  nominally  covered  the  requirements  for  admis- 
sion are  found  so  fundamentally  deficient  in  their  knowledge  of  the 
meaning  of  language  and  of  the  fundamental  principles  of  Mathemat- 
ics that  they  are  seriously  handicapped  in  taking  up  College  work, 
and  the  result  i©  that  a  considerable  part  of  the  Freshman  year  is 
necessarily  devoted  to  a  kind  of  training  that  ought  to  have  been  se- 
cured in  a  preparatory  school.  In  spite  of  this  fact,  our  standard 
has  actually  been  advanced,  and,  with  continued  improvement  in  the 
work  of  preparatory  schools,  it  is  reasonable  to  anticipate  that,  with 
little  or  no  increase  in  the  nominal  requirements  for  admission,  a 
foundation  may  be  secured  for  a  very  substantial  increase  of  the 
amount  and  quality  of  work  done  in  the  College. 

The  suggestion  is  sometimes  heard  that  the  College  employs  too 
large  a  teaching  staff  in  proportion  to  the  number  of  students,  but 
this  suggestion  comes  either  from  those  who  have  not  carefully  ex- 
amined the  subject,  or  from  those  whose  observation,  or  lack  of  ob- 
servation, leads  them  to  confound  the  requirements  of  such  an  In- 
stitution as  this  with  those  of  a  etrictly  literary  classical  College. 
In  institutions  of  the  latter  class  it  is  possible  to  lecture  to  one 
hundred  or  two  hundred  students  as  easily  as  to  twenty  or  thirty, 
and  with  little  or  no  apparatus,  in  either  case.  Even  then,  how- 
ever, in  subjects  requiring  clas»-room  drill,  there  is  a  limit  of  num- 
bers btyond  which  teaching  cannot  be  effective.  But,  in  an  in- 
stitution like  the  iState  College,  where  every  course  is  accompanied 
by  a  large  amount  of  laboratory  training,  in  some  form,  and  where 
instruction  must  be  very  largely  individual,  it  is  readily  seen  that 
the  number  of  students  who  can  be  effectively  taught  at  one  time 
is  necessarily  small.  About  seventy-four  per  cent,  of  our  students 
are  enrolled  in  the  Engineering  courses,  and  it  is  but  the  simple 
truth  to  say  that  our  own  experience,  supported  by  that  of  other 
institutions  doing  the  same  grade  of  work,  demonstrates  the  im- 
mediate necessity  of  doubling  the  teaching  force  in  those  depart- 
ments. The  remaining  twenty-six  per  cent,  are  distributed  among 
Agriculture,  Biology,  Botany,  Chemistry,  and  the  general  courses  in 
History  and  Political  Science,  Modern  Languages,  Philisophy  and 
Ethics,  with  Latin  and  Greek  for  those  who  elect  those  studies. 
Viewed  relatively  to  the  number  of  students  in  these  courses  (with 
the  exception  of  Chemistry  and  Modern  Languages)  the  number  of 
instructors  is  sufficient  to  provide  for  a  considerable  increase  in 
the  size  of  classes,  but  it  is  to  be  borne  in  mind,  first,  that  sev- 
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eral  of  the  subjects  named  form  an  integral  part  of  all  courses  in 
the  College,  including  the  Engineering  courses,  and,  second,  that 
there  is  an  increasing  demand  for  the  general,  in  distinction  from 
the  technical  courses.  If  the  State  College  of  Pennsylvania  is  to 
observe  either  the  spirit  or  the  letter  of  its  charter,  as  prescribed 
by  the  Act  of  Congress  of  1862,  it  must  provide  a  "liberar'  as  well 
as  a  "practical"  education  "iti  the  several  pursuits  and  professions 
of  life."  It  would  be  a  grave  misfortune  if  the  day  should  every  come 
when  the  work  of  the  College  should  be  exclusively  technical. 
Aside  from  the  knowledge  of  subjects,  outside  of  his  special  line 
which  every  technical  student  ought  to  acquire  in  his  course  of 
education,  the  presence  of  those  who  are  pursuing  other  courses 
has  a  quickening  and  broadening  influence  upon  the  whole  body 
which  i»,  in  itself,  no  mean  education.  Especially 'is  this  true  of 
those  subjects  which  teach  the  principles  of  good  citizenship  and 
the  foundation  of  Constitutional  freedom. 

What  has  been  already  said  with  regard  to  the  need  of  more  in- 
structors in  the  Engineering  Departments  is  equally  true  in  the 
Departments  of  Chemistry  and  of  Modern  Languages,  including 
English.  Nothing  but  the  enthusiasm  and  energy  and  devotion  of 
the  great  body  of  the  teaching  staff  has  made  it  poseible  for  the  Col- 
lege to  accomplish  the  amount  and  quality  of  work  of  which  we  are 
justly  proud  and  which  the  people  of  the  State  are  rapidly  coming 
to  understand  and  appreciate.  But  there  is  no  worse  economy  for 
an  institution  of  learning  than  to  overwork  its  instructors,  especially 
in  a  technical  institution.  If  they  are  to  keep  abreast  with  the  un- 
precedented advances  which  are  now  being  made  in  every  depart- 
ment of  knowledge,  if  they  are  to  teach  with  freshness  and  force  and 
enthusiasm,  they  muet  have  ample  time  for  daily  recreation  aLd  es- 
pecially for  daily  study,  and  this,  not  simply  as  a  means  of  successful 
work  in  the  class-room,  but  what  is  almost  more  important  as  a 
means  of  maintaining  a  wholesome  and  helpful  influence  upon  the 
whole  body  of  student  life. 

I  might  dwell  at  tedious  and  painful  length  upon  the  needs  which 
daily  present  themselves  to  my  attention,  but  I  content  myself 
with  referring  to  the  reports  from  the  several  Departments,  copies 
of  which  have  already  been  placed  in  your  hands.  These  reports 
show  a  firmness  of  grasp,  and  a  definiteness  of  purpose  which  can- 
not fail  to  command  confidence,  and  the  one  fact  which  they  most 
clearly  and  unanimously  disclose  is  that  the  College  has  now  reached 
a  period  of  it«  history  when  it  is  of  the  first  importance  that  it 
should  have  a  fixed  annual  income.  I  need  not  dwell  upon  this 
but  simply  desire  to  call  attention  to  it  as  the  one  thing  towards 
which,  in  my  judgment,  the  energies  of  the  Board  of  Trustees  should 
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now  be  especially  directed.  In  conclusion  I  desire  to  renew  my 
expression  of  thanks  to  my  associates  in  the  Faculty  for  their  loyal 
and  unflagging  service  and  to  the  Trustee©  for  their  unfailing  sup- 
port. 

Respectfullysubmitted, 

GEORGE  W.  ATHERTON, 
President. 
State  College,  Pa.,  June  12,  1900. 
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L— AGRICUI.TURE. 


(a)  GENERAL. 


To  the  President: 

Sir: — I  have  the  honor  to  present  herewith  the  report  of  the  De- 
partment of  Agriculture  for  the  present  college  year.  The  work 
and  progress  of  the  Department  may  for  convenience  be  discussed 
nnder  three  divisions: 

1.  The  continuation  of  work  inaugurated  many  years  ago; 

2.  The    continuation    and    development    of    the    CJorrespondence 

Courses  in  Agriculture; 

H.  The  development  and  progress  of  Nature  Study  work  intro- 
duced by  this  Department  to  aid  the  public  school  teachers  in 
establishing  Nature  Study  as  a  school  exercise. 

The  work  that  will  most  naturally  fall  under  the  first  division 
consists  mostly  of  the  prescribed  work  of  College  instruction.  But 
few  changes  have  been  made  in  this  work  during  the  past  year. 
Some  additions,  however,  to  the  equipment  have  been  secured. 
These  consist  for  the  inost  part  of  animals,  which  are  used  for  class 
illustration  and  for  the  practicum  work  of  judging.  During  the 
past  year,  several  purebred  Shorthorn  cattle  have  been  secured, 
and  representatives  of  four  breeds  of  fowls  were  imported  from 
England.  While  two  of  these  breeds  were  practically  untried  in 
this  country,  yet  the  results  thus  far  obtained  from  them  are  quite 
promising. 

As  a  considerable  portion  of  the  instruction  given  in  the  Course 
in  Agriculture  depends  upon  the  equipment  of  the  farm,  the  De- 
partment feels  the  need  of  better  illustrative  material,  particularly 
in  the  Animal  Industry  Work.  At  the  present  time,  the  College 
is  maintaining  but  three  herds  of  pure  bred  animals,  two  of  cattle 
and  one  of  swine.  It  will  be  necessary  to  provide  represeniatives 
of  other  breeds  of  domesticated  animals  if  The  Pennsylvania  State 
College  i«  to  maintain  instruction  equal  to  that  given  at  other 
agricultural  colleges  that  are  already  supplied  with  this  most  nec- 
essary equipment.  Representatives  of  other  breeds  of  cattle  could 
be  conveniently  accommodated  with  the  present  barn  facilities. 
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During  the  past  year,  many  letters  of  inquiry  have  been  received 
pertaining  to  the  Short  Course  in  Agriculture,  and  graduates  in 
this  course  have  expressed  a  wish  that  the  course  may  be  given 
another  year.  The  re-establishment  of  the  course  will  undoubtedly 
strengthen  the  department,  and  will  meet  a  most  hearty  approval  by 
the  agriculturists  of  the  State. 

At  many  agricultural  colleges  the  short  courses  are  given  promi- 
nent positions  and  have  proven  to  be  a  potent  means  of  materially 
strengthening  the  work  of  the  department  and  have  brought  the 
College  in  closer  touch  with  the  practical  agriculturists  of  the  State 
than  would  have  been  possible  had  the  four  years'  course  alone  been 
given.  The  attempt  of  the  Department  of  Agriculture  of  The  Penn- 
sylvania State  College  to  keep  in  touch  with  the  practical  agricul- 
turist© of  the  State  thus  far  has  met  with  a  liberal  response,  and 
in  no  direction  have  the  efforts  been  more  fully  rewarded  than  in 
the  attempts  to  aid  the  farmers  by  means  of  the  Short  Courses  in 
Agriculture. 

The  work  of  the  second  and  third  divisions  consists  of  the  de- 
velopment of  the  Correspondence  Courses  in  Agriculture  and  the 
publication  of  Nature  Study  lessons  designed  for  the  use  of  teacher® 
in  the  public  schools  throughout  the  State.  These  subjects  were  dis- 
cussed quite  fully  in  a  recent  communication  to  the  Executive  Com- 
mittee. The  following  brief  summary  of  this  communication  may 
express  fairly  well  the  present  condition  and  needs  of  the  depart- 
ment as  regards  these  branches  of  work. 

During  the  years  from  1892  to  1896,  the  Chautauqua  Course  in 
Agriculture  offered  by  the  College  showed  a  marked  development,  a 
growth  that  met  the  expectations  of  the  most  sanguine.  While  this 
work  was  necessarily  incomplete,  yet  it  paved  the  way  for  more  ef- 
ficient and  better  work  that  was  to  follow.  During  1896  and  1897, 
it  was  evident  that  this  Course  of  Home  Study  in  Agriculture  was 
not  meeting  the  full  demajids  of  the  practical  agriculturist  who 
wished  to  pursue  at  his  own  hom«i  a  somewhat  systematic  course  of 
study.  Consequently,  in  1897,  lessons  were  prepared  on  subjects 
treated  of  by  seven  books  in  the  Chautauqua  Course.  These  les- 
sons were  sixty-four  in  number  and  were  designed  to  aid  students 
who  were  etudying  these  books.  From  the  time  the  lessons  were 
first  offered,  most  of  the  requests  from  students  for  instruction  asked 
that  lessons  be  sent  them.  Consequently,  in  1898,  lessons  on  nine 
more  subjects  were  prepared,  making  one  hundred  and  twf^nty-six 
lesson®  in  all.  From  this  date,  nearly  all  the  students  receiving  in- 
struction by  correspondence  made  use  of  the  lessons,  less  than  one 
per  cent,  adhering  to  the  Chautauqua  plan  of  studying  the  book  and 
taking  examination  on  the  whole  book  when  finished.  During  the 
summer  of  1899,  lessons  were  prepared  on  four  more  subjects,  mak- 
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ing  a  total  of  twenty  subjects,  on  which  one  hundred  and  fifty-one 
leseons  have  been  prepared. 

Aside  from  sending  circulars  each  year  to  former  Chautauqua  stu- 
dents, very  little  advertising  has  been  done,  yet,  during  the  past 
year  more  registrations  of  students  who  are  actually  taking  work 
in  the  courses  have  been  made  than  ever  before.  Lessons  have  been 
sent  to  nearly  eight  hundred  students.  In  order  that  record©  may 
be  kept  of  each  student,  and  without  confusion,  it  has  been  neces- 
sary to  adopt  a  somewhat  elaborate  system  of  bookkeeping,  which 
adds  materially  to  the  labors  of  the  oifice  of  the  Superintendent, 
The  work  of  grading  the  lessons  is  a  heavy  task  and  canot  be  con- 
tinued on  the  present  basis  of  memberehip  in  the  Correspondence 
Courses  without  seriously  interfering  with  the  regular  college  work, 
unless  additional  assistance  is  provided.  The  many  letter»  received 
from  students  in  these  courses  commending  most  heartily  the  work 
the  College  is  doing  for  Agriculture  throughout  the  Statie  and  the 
number  of  students  applying  for  enrollment  warrant  us  int  believing 
that  thousands  would  enroll  if  they  but  knew  of  the  advantages  that 
the  College  is  offering.  The  development  of  the  Correspondence 
Courses  to  their  present  state  of  efficiency  has  been  accomplished 
in  part  by  effort  that  could  profitably  have  been  given  to  the  reg- 
ular College  instruction.  To  pursue  this  method  further  will  un- 
doubtedly interfere  still  more  with  the  efficiency  of  the  prescribed- 
College  work. 

For  a  number  of  j^ears  it  has  been  well  known  that  effort^  were 
being  made  by  agricultural  colleges  of  the  various  states  in  the 
Union  to  reach  the  pupils  iu  the  public  schools,  believing  that  the 
greatest  good  to  agriculture  would  only  come  by  improving  the  source 
from  which  all  agriculturists  primailly  receive  instruction — the  pub- 
lic school.  Instead  of  following  the  methods  adopted  by  other  States 
in  sending  out  to  the  teachers  of  public  schools  leaflets  simply 
to  interest  the  pupils  of  various  ages,  or  of  all  ages,  the  College 
has  adopted  the  plan  of  giving  a  systematic  course  of  instructior 
to  the  teachers,  that  is  designed  not  only  to  aid  them  in  interesting 
the  pupils  but  also  to  cultivate  the  pupils'  powers  of  obser\ation 
and  develop  in  them,  if  possible,  a  greater  love  of  nature.  In  order 
to  carry  out  tiiis  plan,  a  few  lessons  have  been  written  and  printed 
in  Nature  Study  on  Insect  Life  and  Animal  Life.  Other  lessons 
are  in  the  course  of  preparation.  The  available  funds  for  maintain- 
ing the  Correspondence  Courses  and  Nature  Study  work  at  the 
opening  of  the  present  college  year  did  not  warrant  the  placing  of 
Nature  Study  lessons  before  all  the  teachers  of  the  State.  Con- 
sequently, a  small  edition  was  priuted  and  copies  sent  out  to  a  few 
teachers  in  various  parts  of  the  State.  Probably  not  more  than 
ten  or  twelve  per  cent,  of  the  teachers  have  received  Nature  Study 
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lessons.  Cornell  University  claims  to  be  in  touch  with  ninety  per 
cent,  of  the  teachers  in  New  York  State  through  the  Nature  Study 
lessons.  As  there  are  about  twenty-nine  thousand  teachers  employed 
in  New  York  State  at  one  time,  Cornell  University  reaches  about 
twenty-six  thousand  teachers,  while  State  College,  at  the  present 
time,  has  been  able  to  reach  something  less  than  four  thousand  teach- 
ers of  the  public  schools  in  Pennsylvania.  From  the  reception  that 
the  Nature  Study  lessons  have  received  in  the  hands  of  the  various 
classes  of  educators,  from  the  Superintendent  of  Public  Instruction 
to  the  teacher  in  the  country  school,  assurance  is  given  that  an 
equally  large  percentage  of  teachers  in  Pennsylvania  would  avail 
themselves  of  the  Nature  Study  work  were  the  same  opportunity 
offered  them  as  has  been  offered  to  the  teachers  in  New  York 
State. 

Th  Schtool  of  Agriculture  has  in  contemplation  the  issuing  of 
three  courses  of  Nature  Study,  namely,  Insect  Life,  Animal  L'fe  and 
Plant  Life,  to  be  followed  by  courses  of  lessons  somewhat  more  ad- 
vanced, so  that  the  instruction  in  Nature  Study  will  not  end  with 
the  lessons  of  the  primary  courses  which  are  now  being  prepared 
and  sent  out. 

In  order  to  carry  on  the  Nature  Study  work  and  that  of  the  Cor- 
respondence Courses  to  meet  the  demands  of  the  students  and  teach- 
ers who  h;ave  learned  of  the  advantages  offered  by  the  College,  aid  is 
rquired  t<v  relieve  the  Superintendent  of  the  increased  labors  due 
to  the  Correspondence  CouHses  and  Nature  Study  work.  Such  aid, 
to  be  eflScient,  should  not  be  lower  in  grade  than  that  expected  of 
Assistant  Professors.  A  person,  in  order  to  grade  properly  the  ex- 
amination papers  and  attend  to  the  correspondence  required  by  er- 
rors in  the  papers,  questions  asked,  etc.,  must  be  thoroughly  fa- 
miliar, with  the  whole  subject-matter  of  the  lessons,  both  from  theo- 
retical and  practical  stardpoints.  As  the  lessons  in  the  Correspond- 
ence Courses  have  largely  to  do  with  practical  agriculturalists,  ex- 
perience in  practical  agriculture  oftentimes  is  quite  as  important  as 
scientific  training.  For  this  reason,  recent  graduates  of  agricultural 
institutions  are  not  fitted  to  perform  this  work  without  closer  super- 
vision than  the  Superintendent  is  able  to  give. 

If  the  Correspondence  Courses  are  to  be  somewhat  extended,  as 
the  records  for  the  past  year  strongly  indicate  the  growth  that  would 
take  place  providing  opportunity  were  offered  to  the  people  of 
Pennsylvania,  and  the  Nature  Study  work  extended  to  fifty  pe-  cent, 
of  the  teachers  of  Pennsylvania,  allowing  each  teacher  only  ten  or 
twelve  lessons  per  year,  at  least  fifteen  thousand  dollars  would  be 
required  for  two  years  to  meet  the  expenses  of  printing,  postage,  sta- 
tionery, salaries,  and  other  necessary  expenditures.  This  estimate 
has  been  carefully  made  from  the  record  of  expenses  already  incurred 
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in  the  Nature  Study  and  Correspondence  Courses  and  may  be  con- 
sidered conservative.  It  would  appear  extremely  so  when  we  con- 
sider that  Cornell  University  annually  appropriates  one-half  of  the 
annual  Nixon  fund  appropriation  of  thirty-five  thousand  dollars  for 
the  maintenance  of  Nature  Study  and  extension  work,  and  a  consid- 
erable portion  of  the  remainder  is  used  for  purposes  closely  relating 
to  it. 

All  of  which  is  moet  respectfully  submitted. 

G.  C.  WATSON, 
Professor  of  Agriculture  and  Superintendent  of  Correspondence 

Courses. 

State  College,  Pa.,  May  5,  IP^o. 
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(b)  AGRICULTURAL  CHEMISTRY. 


To  the  President: 

Sir:  I  have  the  honor  to  submit  herewith  a  brief  report  of  the 
work  of  the  Department  of  Agricultural  Chemistry,  of  the  College, 
and  of  the  Chemical  Laboratory  of  the  Experiment  Station,  for  the 
year  ending  June,  1900. 

Relative  to  the  Department  of  Agricultural  Chemistry  of  the  Col- 
lege: The  scheduled  lectures  for  the  Sophomore  Class  were  re- 
arranged in  order  that  my  time  might  be  set  free  for  attendance  as 
a  representative  of  the  College  at  the  Farmers'  Institutes  held  during 
the  Winter  month®.  During  the  Fall,  I  delivered  to  a  section  of  the 
Senior  Class  a  series  of  lectures  on  the  Machinery  and  Processes  of 
Fertilizer  Manufacture,  and  a  brief  series  upon  the  Chemistry  and 
Analysis  of  Milk  and  Its  Products. 

A  course  of  laboratory  instruction  in  selected  methods  for  the 
analysis  of  fats  and  oile,  soaps,  starches  and  flours,  sugar-house 
products,  vinegar  and  tanning  materials  was  conducted  in  accord- 
ance with  my  directions  by  Mr.  C.  A.  Browne,  Jr.,  to  whose  most  ef- 
ficient work  in  this  connection  much  praise  is  due.  Mr.  Browne 
also  conducted  a  course  of  study  on  selected  subjects  relating  to 
Rural  Technology  based  upon  Sadtler's  Industrial  Chemistry. 

During  the  Spring  term,  I  delivered  a  course  of  lectures  forming 
the  first  portion  of  the  general  course  in  Agricultural  Chemistry  to 
the  Freshmen  Class;  practicum  exercises  have  been  carefully  pre- 
pared to  correspond  with  the  lectures  and  have  been  carried  out  from 
day  to  day  by  the  class  under  Mr.  Browne's  supervision. 

With  the  re-arrangement  of  subject®  accompanying  the  division 
of  the  College  year  into  two  instead  of  three  terms,  and  the  intro- 
duction of  Organic  Chemistry  as  a  part  of  the  General  Course  in 
Chemistry  of  the  Sophomore  Class,  a  better  sequence  in  presenta- 
tion of  the  topics  of  the  General  Course  in  Agricultural  Chemistry 
has  become  possible,  the  outlines  of  Organic  Chemistry  with  which 
the  latter  course  has  heretofore  begun  being  now  omitted,  the  prac- 
ticum hitherto  devoted  to  a  study  of  plant  substances  postponed  to 
a  later  term,  and,  in  its  place,  a  practicum  upon  certain  points  in 
the  chemical  relations  of  the  plant  to  the  air  substituted. 

Since  Agriculture  is  less  fitted,  from  the  scope  of  its  subject  ms§^ 
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ter  and  the  Tariability  of  its  conditions,  than  most  occupatioL^s  for 
the  successful  application  of  empirical  rules,  the  professional  train- 
ing of  an  agricultural  etudent  should  not  only  equip  him  witn  a 
fund  of  accurate,  up-to-date  information,  systematically  arranged, 
upon  important  farm  topics  and  their  related  sciences,  but  should 
also  give  him  facility  in  the  application  of  those  two  most  potent 
mental  instruments  for  the  discovery  of  truth — observation  and  ex- 
periment. 

The  lectures  and  practicums  in  Agricultural  Chemistry,  both  be- 
cause the  subject  is  especially  adapted  for  the  inculcation  of  meth- 
ods of  obeervation  and  experiment  and  because  it  is  the  first  of  the 
technical  subjects  pursued  by  students  in  the  Agricultural  course, 
are  carefully  devised  and  conducted  for  the  purpose  of  developing 
the  student's  powers  in  these  directions.  The  work  of  this  term  has 
included  quantitative  studies  of  the  ultimate  composition  of  plants, 
their  moisture  content,  the  compoeition  of  the  air,  especially  as  re- 
gards oxygen,  ozone,  nitrogen  compounds  and  carbonic  acid,  the  loss 
of  water  by  the  plant  through  transpiration,  the  absorption  of  oxy- 
gen and  the  evolution  of  carbonic  acid  through  respiration,  the  tak- 
ing up  of  carbonic  acid,  giving  off  of  oxygen  and  deposition  of  starch 
during  assimilation,  and  the  influence  of  climatic  conditions  upon  the 
rate  at  which  these  processes  are  carried  on. 

The  introduction  at  the  end  of  the  Sophomore  year  of  a  Summer 
School  period  of  100  hours  for  practice  in  agi  ^cultural  analysis,  will 
provide  a  far  more  satisfactory  course  in  this  subject  than  has  here- 
tofore been  possible  in  the  brief,  broken  periods  allotted  for  the 
purpose. 

Concerning  the  equipment  of  the  work,  I  would  respectfully  urge, 
as  in  preceding  years,  the  need  for  satisfactory  lecture  rooms  and 
laboratory,  and  for  such  appropriations  as  will  provide  for  the  pur- 
chase of  several  microscopes  fitted  for  demonstration,  and  slides 
and  other  much  needed  material,  and  for  the  preparation  of  charte 
to  accompany  the  lectures.  Such  additional  equipment  would  en- 
able-the  classes  to  work  with  less  hindrance  and  cover  the  ground 
more  perfectly  than  is  now  possible. 

In  addition  to  the  work  of  the  College  course,  mention  may  be 
made  in  this  connection,  of  a  brief  course  of  lectures  upon  the  Chem- 
istry of  Cookery  which  the  writer  is  preparing  for  the  Correspondence 
Courses. 

Relative  to  the  work  of  the  Chemical  Laboratory  of  the  Expeiiment 
Station:  There  have  been  some  changes  in  the  personnel  of  my  force 
of  Assistants  during  the  year:  Upon  the  return  of  M.  E.  McDonnell, 
Ph.  D.,  from  his  leave  of  absence  for  study  abroad,  the  connection 
of  Mr.  A.  N.  Diehl  as  Assistant  Chemist  to  the  Station  in  his  stead, 
terminated.  In  November,  \H\  McDonnell  resigned  his  position  to 
accept  one  as  bacteriologist  to  the  Pennsylvania  Railroad  CompatfjC 
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In  March,  1900,  Mr.  Harry  Way,  Fellow  in  Agricultural, Cheraistry, 
resigned  to  enter  a  business  position  as  farm  manager.  Mr.  J.  A. 
Fries  served  on  special  duty  with  the  Director  during  the  year. 

As  in  late  years  preceding,  the  most  prominent  part  of  the  labora- 
tory work  has  been  that  connected  with  the  State  fertilizer  control. 
For  the  season  ending  July,  1S99,  there  were  analyzed  in  this  con- 
nection four  hundred  and  three  samples;  and  for  the  Fall  of  1899, 
three  hundred  and  thirteen;  in  addition  to  the  care  of  the  chemical 
work  and  valuation©  for  which,  as  in  past  years,  the  Chemist  was 
responsible,  the  duty  of  preparing  the  Department  bulletins  pre- 
senting the  work  of  the  Control,  this  year  devolved  upon  me.  To 
Mr.  C.  A.  Browne,  Jr.,  for  the  determination  of  potash  and  chlorin; 
Mr.  M.  8.  McDo.well,  for  those  of  nitrogen  and  the  care  of  the  sam- 
ples; Mr.  C.  W.  Norris,  for  those  of  soluble  and  insoluble  phosphoric 
acid;  to  Messrs.  A.  N.  Diehl  and  C.  P.  Beistle  for  those  of  moisture 
and  total  phosphoric  acid,  my  thanke  are  due  for  their  industry  and 
care,  and  especially  to  Mr.  McDowell  and  Miss  Garner  for  their  aid 
in  caring  for  the  records  and  correspondence  and  in  pi*eparing  the 
Bulletins. 

Thf;re  were  also  analyzed  a  number  of  samples  for  the  State  Dairy 
and  Food  Commissioner. 

Among  the  items  of  work  of  investigation  carried  on  during  the 
year,  I  may  mention  the  following: 

1.  A  study  of  the  mechanical  and  chemical  composition  of  three 

of  the  best  known  bench-soils  for  roses  by  the  writer  and  Mr. 
C.  P.  Bei»tle. 

2.  A  study  of  dried  distillery  waste,  by  Mr.  C.  A.  Browne,  Jr. 

3.  A  continuation  of  the  study  of  the  changes  which  cider  under- 

goes in  its  conversion  into  vinegar,  by  Mr.  Browne. 

4.  The  completion  of  the  study  of  the  chemical  and  mechanical 

effects  wrought  by  application  of  lime  to  a  number  of  typical 
Pennsylvania  soils — a  study  undertaken,  by  permission,  on 
behalf  of  the  State  Department  of  Agriculture:  In  this  con- 
nection the  writer  was  assisted  during  the  year  by  Meesrs. 
McDowell,  Norris  and  Beistle. 

5.  A  study,  under  similar  auspices,  upon  the  chemical  composition 

of  the  apple  and  its  products  by  Mr.  Browne. 

6.  A  chemical  study  of  the  humus  in  the  soil  of  certain  of  the  plots 

of  the  General  Fertilizer  Series  of  this  Station  as  affected  by 
the  system  of  manuring  to  which  they  have  been  subjected — 
a  thesis  for  the  baccalaureate  degree  by  Mr.  Enos  Hess^  under 
supervision  of  the  wiiter. 

7.  Study  of  the  methods  of  Cattle-food  analysis,  performed  by  Mr. 

Browne,  as  Associate  Reporter  upon  Cattle  Foods  for  the  As- 
sociation of  Official  Agricultural  Chemists,  with  Mr.  Beistle. 
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Some  interesting  reeults  were  obtained  by  Mr.  Way  in  a  study  of 
the  Chemistry  of  the  "Crude  Fiber/^  of  several  forage  materials, 
but  he  was  obliged  to  leave  his  work  incomplete. 

Other  investigations  are  in  progress:  By  Mr.  Browne,  upon  the 
composition  of  the  fiber  of  cattle-foods;  by  Mr.  McDowwell,  upon  cer- 
tain constituents  of  the  urine  of  domestic  animals,  especially  the 
organic,  non-nitrogenous  matter,  and  by  Mr.  Beistle,  upon  the  estima- 
tion of  sulphur  and  phosphorus  in  organic  materials  concerned  in 
calorimeter  work. 

In  addition,  the  writer  has  continued  the  scientific  direction  of 
the  tobacco  experiments  begun  in  1893.  Since  June  1,  last,  the 
State  Department  of  Agriculture  has  had  no  connection  with  that 
work,  and  it  has  been  continued  through  the  co-operation  of  the  Sta- 
tion and  the  representatives  of  the  Lancaster  County  and  Bradford 
County  Tobacco  Societies.  At  Donegal,  under  the  local  superviaion 
of  Mr.  M.  L.  Greider,  the  system  of  experiment  begun  in  1898  was 
continued;  at  Wysox,  under  the  supervision  of  the  Hon.  Louis  Piol- 
let,  the  system  of  experiments  begun  in  1897  was  continued.  In 
addition  to  the  work  directly  involved  by  the  continuation  of  the 
field  trials,  the  quality  of  the  sweated  leaf  from  the  crops  of  1893, 
1894,  1895  and  1896  was  carefully  tested  with  the  co-operation  of  ex- 
pert tobacco  judges.  The  writer's  thanks  are  especially  due  in  this 
connection  to  Messrs.  Greider  and  Piollet  for  their  interested  and 
intelligent  co-operation. 

As  the  principal  items  in  the  bibliographic  record  for  the  labora- 
tory during  the  past  year,  the  following  may  be  mentioned: 

By  the  writer: 

Bulletin  No.  51,  Pennsylvania  Department  of  Agi-iculture:  Analy- 
sis of  Commercial  fertilizer®,  January-August,  1899,  pages  69. 
Pennsylvania  Department  of  Agriculture:    Report  of  Fertilizer 
Experiments'  with  Tobacco  (Summary). 

Bulletin  No.  49,  The  Pennsylvania  State  College  Agricultural  Ex- 
periment Station.  Report  of  Fertilizer  Experiments  with  To- 
bacco (Summary). 
Report  of  The  Pe  nusylvania  State  College  Agricultural  Experi- 
ment Station  (in  press).  Comprehensive  Report  of  Yields  of 
Tobacco  from  Fertilizer  Exi>eriments,  1893-1897. 

Bulletin  No.  54.,  Pennsylvania  Department  of  Agriculture:  Tabu- 
lated Analyses  of  Commercial  Fertilizers,  January-December, 
1899. 

Bulletin  No.  48,  The  Pennsylvania  State  College  Agricultural  Ex- 
periment Station:  Composition  of  the  Winter  and  Spring 
Wheat  Brans  Bought  in  Pennsylvania  Markets:  with  W.  A. 
Hutchison. 
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Bulletin  No.  50,  The  Pennsylvania  State  College  Agricultural  Ex- 
periment Station:  Distillery  Waste  (with  C.  A.  Browne,  Jr.); 
Miscellaneous  Analyses  of  Cattle  Poods, 
The  Chemical  Composition  of  Rose  Soils:    with  C.  P.  Beistle. 
Printed  in  American  Gardening. 

Bulletin  No.  61,  Pennsylvania  Department  of  Agriculture:  The 
Use  of  Lime  in  Pennsylvania  Soils:  Appendix  (with  C.  A, 
Browne,  Jr.);  Compilation  of  Analyses  of  Pennsylvania  Lime- 
stones.   (In  Press.) 

By  C.  A.  Browne,  Jr.: 

A  Contribution  to  the  Chemistry  of  Butter  Pat: 

I.  The  Physical  and  Chemical  Constants  of  Butter  Pat; 

II.  The  Chemical  Composition  of  Butter  Pat; 

III.  The  Chemistry  of  Rancidity  in  Butter  Pat,  (Published  as 
contribution  from  this  Laboratory  in  the  Journal  of  the  Amer- 
ican Chemical  Society,  Vol.  21,  612-633;  807-827;   975944.) 

Bulletin  No.  58,  Pennsylvania  Department  of  Agriculture:  A 
Chemical  Study  of  the  Apple  and  Its  Products. 

By  C.  W.  Norris: 

Report  upon  Meteorological  Observations  for  1897  and  1898,  at 
State  College,  Pa. :  For  Annual  Report  of  the  Experiment  Sta- 
tion for  1899;  prepared  under  direction  of  the  Chemist. 

By  M.  E.  McDonnell:' 

In  this  connection  mention  ehould  also  be  made  of  the  valuable 
inaugural  dissertation  presented  by  Dr.  McDonnell  to  the  Phil- 
osophical Faculty  of  the  University  of  Kiel,  in  1899,  for  his 
Doctor's  degree,  upon  the  subject  of  Lactic  Acid  Bacteria. 
Thvi  demands  upon  my  time  made  by  interests  in  whose  develop- 
ment the  College  and  Station  are  in  co-operation  have  been  fully  as 
large  as  usual.     In  addition  to  several  Summer  institutes  which  I 
attended,  I  was  present  as  the  detail  from  the  College  at  nearly  all 
of  the  Winter  Institutes  in  the  Northern  section  of  the  State,  con- 
secutively, from  No^-ember  29th,  1899,  to  February  17th,  1900.     Mr. 
M.  S.  McDowell  was  tilso  detailed  for  attendance  at  a  few  institutes. 
In  conclusion,  permit  me  to  express  my  appreciation  of  the  con- 
sideration and  cordial  approval  on  your  part  by  which  the  per- 
formance of  much  of  the  work  aforementioned  has  been  made  pos- 
sible. 

Very  respectfully, 

WILLIAM  PREAR, 
Professor  of  Agricultural  Chemistry. 
State  College,  Pa.,  May  22, 1900. 
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(c)  AGRICULTURAL  EXPERIMENT  STATION. 


To  the  Premdent: 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the 
work  of  the  Agricultural  Experiment  Station  and  of  the  School  of 
Agriculture  for  the  year  1899-1900. 

The  Experiment  Station. 

No  material  changes  in  the  activity  of  the  Experiment  Station 
have  occurred  within  the  past  year,  but  the  work  along  the  lines  of 
experiment  previously  undertaken  has  been  continued,  although  with 
some  interruptions  arising  from  the  increasing  demands  of  the  work 
of  instruction,  both  at  the  College  and  throughout  the  State  at  large 
through  the  medium  of  the  Correspondence  Courses  and  the  Farmers' 
Institutes. 

Animal  Nutrition.  The  construction  of  the  respiration  calorimeter 
in  co-operation  with  the  United  States  Department  of  Agriculture 
haa  been  continued  during  the  year  and  the  apparatus  is  now  ap- 
proaching completion.  The  construction  of  a  special  building  for 
this  apparatus,  which  was  authorized  by  the  Trustees  last  year,  was 
somewhat  delayed  on  account  of  necessary  changes  in  the  plans^ 
but  the  building  was  completed  in  November,  since  which  time  work 
has  been  in  progress  upon  the  apparatus  itself.  The  building  w  a 
substantial,  one-story  structure,  35x57  feet  outside,  of  red  Mill 
Hall  brick,  with  slate  roof.  The  interior  walls  are  all  of  brick,  and 
these,  with  a  steel  ceiling,  render  the  building,  to  all  intents  and 
purposee,  fire-proof.  Special  care  was  taken  to  make  the  interior 
of  the  building  as  little  subject  to  the  changes  of  external  tempera- 
ture as  practicable,  the  brick  walls  being  double  and  containing  a 
4-inch  air-space,  and  all  windows  being  provided  with  storm  sash. 
Even  during  the  coldest  weather  of  last  winter,  a  very  small  amount 
of  steam  sufficed  to  keep  the  building  at  a  comfortable  temperature. 

The  purpose  of  the  apparatus  is  to  determine  the  products  given 
off  in  the  respiration  of  an  animal  and  al»o  the  amount  of  heat 
produced  during  the  same  time.  By  comparing  these  with  the  com- 
position and  heat-value  of  the  food  consumed,  it  will  be  possible  to 
determine  with  a  high  degree  of  accuracy  the  exact  use  which  is 
made  by  the  animal  of  the  various  elements  of  its  food  and  how  the 
percentage  utilization  is  affected  by  various  conditions.    The  appa- 
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ratus  consists  essentially  of  an  air-tight  box  of  eheet  copper  through 
which  is  led  a  current  of  air  whose  volume  and  composition  both 
before  and  after  passing  through  the  box  are  known.  The  animal 
under  experiment  is  placed  in  this  box  and  the  products  of  its  res- 
piration are  determined  in  a  fractional  part  of  the  air  current  just 
mentioned.  In  addition  to  this,  a  current  of  cold  water,  passing 
through  a  serie©  of  copper  pipes  in  the  box,  serves  to  carry  away  the 
heat  given  off  by  the  animal,  the  amount  of  which  is  measured  by 
the  weight  of  the  water  and  its  increase  in  temperature.  The  re- 
jaainder  of  the  apparatus  consists  of  ingenious  and  somewhat  com- 
plicated devices  for  preventing  any  loss  of  heat  through  the  walls 
of  the  chamber  or  in  the  air  current.  All  these  things  involve  a 
vast  amount  of  detail  and  the  construction  of  the  apparatub  has 
neceesarily  appeared  somewhat  slow.  It  is  now  anticipated,  how- 
ever, that  test  experiments  can  be  made  with  it  at  an  early  date. 

During  the  year,  an  experiment  pertaining  to  the  economy  of 
different  methods  of  watering  and  handling  fattening  steers  has 
been  carried. out,  in  co-operation  with  the  State  Department  of 
Agriculture,  by  the  Agriculturist  of  the  Station.  This  experiment 
has  been  conducted  at  the  College  barn  in  a  most  satisfactory  man- 
ner. As  two  or  more  carloads  of  steers  are  annually  fattened  on  the 
College  farm,  it  will  be  desirable  to  repeat  this  experiment  on  a 
larger  scale  in  following  years  and  to  solve,  if  poesible,  some  of 
the  practical  questions  relating  to  the  feeding  of  fattening  animals 
which  now  confront  the  farmers  who  depend  upon  fattening  bteers 
each  year  to  maintain  the  fertility  of  their  farms. 

Agricultural  Chemistry.  The  chemical  work  of  the  past  year 
has  been  to  a  large  extent  similar  to  that  of  previous  years.  The 
two  main  divisions  of  this  work  are  the  work  of  fertilizer  and  food 
analysis  for  the  State  Department  of  Agriculture  and  the  check 
\york  required  by  our  own  investigations  in  the  field  and  stable. 
In  addition,  a  considerable  number  of  samples  of  various  sorts  have 
been  received  for  analysis. 

As  in  preceding  years,  the  work  connected  with  the  State  Fei  tilizer 
Control  has  been  the  most  prominent  part  of  the  chemical  work. 
For  the  season  ending  July,  1899,  there  were  analyzed  in  this  con- 
nection four  hundred  and  three  (403)  samples  and  in  the  fall  of  1899 
three  hundred  and  thirteen  (313).  In  addition  to  the  care  of  the 
chemical  work  and  valuations,  for  which,  as  in  past  years,  the  Chem- 
iet  of  the  Station  was  responsible,  the  Chemist  was  also  called  upon 
this  year  to  prepare  the  Department  bulletins  presenting  the  results 
of  the  work. 

In  addition  to  the  routine  work  above  noted,  a  considerable 
amount  of  work  of  investigation  has  been  carried  on  during  the 
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year  under  the  direction  of  the  Chemist  of  the  Station,  including  a 
study  of  the  mechanical  and  chemical  composition  of  three  bench 
soils  for  roses;  a  study  of  dried  distillery  waste;  a  chemical  study 
of  the  humus  in  the  soil  of  cerhiln  of  the  plots  of  the  general  fer- 
tilizer series;  and  a  study  of  methods  of  cattlefood  analysis  for  the 
Association  of  OflQcial  Agricultural  Chemists. 

A  considerable  amount  of  chemical  work  has  also  been  undertaken 
on  behalf  of  the  State  Department  of  Agriculture  by  members  of 
the  Station  force,  including  a  study  of  the  chemical  and  mechanical 
effects  of  lime  upon  typical  Pennsylvania  soils;  a  study  of  the  chem- 
ical composition  of  the  apple  and  its  products;  and  a  study  of  the 
changes  which  cider  undergoes  in  its  conversion  into  vinegar.  In- 
vestigations are  also  in  progress  upon  the  composition  of  the  crude 
fiber  of  cattle  foods,  upon  certain  constituents  of  the  urine  of  the 
domestic  animals,  and  upon  the  use  of  the  bomb  calorimeter  for 
the  determination  of  sulphur  and  phosphorus  in  organic  materials. 

Field  Experiments.  The  work  in  this  Department  during  the  past 
year,  under  the  charge  of  the  Agriculturist,  has  consisted  chiefly 
in  carrying  out  the  plans  of  experiments  that  have  been  in  progress 
for  a  number  of  years.  While  experiments  designed  to  test  the  ef- 
ficiency of  new  methods  and  the  utility  of  comparatively  ntjw  plants 
have  not  been  ignored,  yet  the  larger  share  of  our  attention  has 
been  given  to  carrying  on  the  somewhat  extensive  fertilizer  tests 
which  have  been  in  progress  for  more  than  nineteen  years  and  the 
variety  tests  of  wheat,  oats  and  potatoes.  The  fertilizer  tests  in- 
clude each  year  thirty-six  plots  each  of  four  crops — wheat,  grass, 
corn  and  oats — the  plots  of  each  crop  receiving  twenty-four  different 
kinds  of  treatment  a®  regards  the  application  of  fertilizers.  As  this 
experiment  has  now  been  conducted  through  nineteen  years,  or  four 
complete  rotations  of  four  years  <?ach,  the  data  obtained  from  the 
average  yields  of  the  various  plots  furnish  most  interesting  informa- 
tion and  will  be  the  subjects  of  forth-coming  bulletins. 

The  variety  tests  of  wheat,  oats  and  potatoes  have  furnished  in- 
teresting results,  showing  that,  under  uniformly  good  conditions, 
the  yield  depends  more  largely  upon  the  kind  and  quality  of  the  seed 
than  is  generally  supposed  by  the  practical  agriculturists  of  the 
State. 

For  three  years,  tests  have  been  made  of  seeding  land  to  crim- 
son clover.  Heretofore,  the  Station  has  been  called  upon  to  advise 
the  farmers  as  to  the  best  time  of  sowing  thi«  seed  without  having 
made  practical  experiment.  These  tests  have  each  year  given  cor- 
roborative and  decided  results. 

Various  soiling  crops  have  been  grown  with  a  view  of  comparing 
their  feeding  value,  as  well  as  to  test  the  ease  of  ])roduction  on 
the  somewhat  heavy  clay  soil  of  the  Experiment  Station  farm,  which 
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fairly  represents  a  large  proportion  of  the  soil  of  central  and  south- 
eastern Pennsylvania. 

The  field  experiments  with  fertilizers  upon  tobacco  in  Lancaster 
and  Bradford  counties  have  been  continued  from  previous  years 
in  charge  of  the  Chemist  of  the  Station.  A  partial  report  was  made 
last  year  upon  the  field  results  and  a  similar  report  upon  other 
phases  of  the  work  is  in  preparation. 

Dairying.  A  large  share  of  the  time  of  the  Dairy  Department  has 
been  taken  up  with  the  work  of  instruction  and  it  has  not  been  found 
liracticable  to  initiate  any  extensive  researches,  but  incidentally,  in 
connection  with  the  work  of  the  Dairy  School,  a  number  of  tests 
of  separators  have  been  made.  A  series  of  experiments  has  also 
been  begun  upon  the  question  of  moisture  in  butter  in  the  hope  of 
getting  more  light  upon  the  influence  of  various  conditions  in  deter- 
mining thi»  important  factor,  and  some  experiments  upon  the  manu- 
facture of  dried  curd  are  planned. 

Horticulture.  In  our  trial  grounds  we  have  maintained  the  plan- 
tations of  the  several  small  fruits,  testing  the  many  varieties  which 
are  sent  to  us  from  time  to  time  by  our  patrons.  An  experiment 
upon  whole  and  piece  root  apple  grafts  is  in  progress  and  the  trees 
are  making  satisfactory  growth,  but  a  long  period  of  years  will  be 
required  to  observe  any  permanent  effects  of  the  two  systems  of 
propagation.  An  experiment  in  Ginseng  culture  is  progressing  to 
our  satisfaction,  and  in  a  few  year«s  more  the  young  roots  planted  will 
have  reached  maturity  in  our  lattice  house. 

Considerable  alarm  has  been  aroused  by  the  growing  prevalence 
in  our  State  of  the  disease  of  nursery  trees  known  as  crowc.  gall. 
Our  efforts  in  the  past  two  years  to  find  a  remedy  have  not  yet  been 
successful  on  account  of  the  diflSculty  of  causing  the  disease  to  de- 
velop in  our  soil,  but  experiments  have  now  been  inaugurated  upon 
a  nursery  where  infected  soil  is  known  to  exist,  and  various  remedies 
are  being  tried  there. 

Publications.  The  following  bulletins  have  been  issued  during 
the  year:  No.  46,  Variety  Tests  of  Wheat;  No.  47,  Tests  of  the  Sugar 
Beet  in  Pennsylvania;  No.  48,  Winter  vs.  Spring  Wheat  Bran;  No. 
49,  Field  Fertilizer  Experiments  on  Tobacco;  No.  50,  Distillery 
Waste,  Miscellaneaus  Cattle  Food  Analyses.  As  noted  in  the  last 
Report,  the  present  plan  of  publication  contemplates  comparatively 
brief  popular  bulletins,  freely  distributed,  while  the  Annual  Report, 
of  which  only  a  limited  edition  is  printed  by  the  State,  is  intended 
to  be  somewhat  more  technical  in  character  and  to  constitute  the 
place  of  ultimate  record  for  the  results  of  experiments. 

The  mailing  list  of  the  Station  has  been  revised  during  the  year. 
With  Bulletin  No.  46,  a  request  was  sent  out  for  acknowledgment 
from   those   desiring   subsequent   bulletins.       ApproximateW   8,000 
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were  thus  acknowledged  and  the  names  of  those  responding  have 
been  entered  on  the  new  mailing  list. 

The  correspondence  of  the  Station  during  the  year  has  been 
quite  extensive,  covering  the  usual  variety  of  subjects.  In  all  ap- 
proximately 5,000  letters  have  been  received  during  the  year. 

Personnel.  But  few  changes  have  occurred  during  the  year.  Dr. 
M.  E.  McDonnell,  who  had  been  connected  with  the  Station  since 
1893,  resigned  October  1st  to  accept  a  position  as  Bacteriologist  of 
the  Pennsylvania  Railroad.  Mr.  A.  N.  Diehl  terminated  his  en- 
gagement a«  Assistant  Chemist  at  the  close  of  last  year,  and  the 
Fellowships  in  Agricultural  Chemistry  and  Dairy  Husbandry  were 
filJed  by  the  appointment  respectively  of  Messrs.  H.  O.  Way  and  W. 
F.  Wood,  graduates  in  the  class  of  1899.  Both  these  gentlemen  re- 
signed during  the  year,  however,  to  accept  more  lucrative  positions 
on  large  farms. 

Library.  The  library  of  the  Station  is  being  catalogued  in  accord- 
ance with  the  modified  Dewey  system  as  proposed  by  the  Librarian 
of  the  United  State®  Department  of  Agriculture.  It  now  coutains 
about  1,300  volumes,  consisting  largely  of  technical  periodicab.  par- 
ticularly foreign,  and  of  the  reports  and  bulletins  of  other  Stations. 

Needs  of  the  Station.  The  farm  equipment  of  the  Station  is  in 
urgent  need  of  some  additions  and  improvements  to  bring  it  up  to  the 
standard  of  the  best  farm  practice,  which  it  ought  unquestionably 
to  maintain.  During  the  past  year,  a  stave  silo  of  a  capacity  of 
about  110  tons  has  been  added  to  our  farm  equipment.  We  should, 
however,  have  a  ©econd  one  in  order  to  furnish  a  liberal  supply  of 
silage  to  our  dairy  herd.  In  addition  to  this,  there  is  urgent  need 
for  a  suitable  implement  and  tool  house,  a  piggery  with  facilities  for 
exi)erimental  work,  and  a  poultry  house  with  accommodations  for 
incubators  and  brooders.  The  barn  yard,  which  is  now  partly  roofed, 
should  be  brought  entirely  under  roof,  and  the  cow  stable  should  be 
re-arranged  and  properly  floored  to  prevent  waste  of  manure.  For 
the  proper  development  of  the  horticultural  work  of  the  Station, 
a  green  house  or  houses  especially  for  experimental  work  is  also  an 
indispensable  requisite. 

As  I  have  pointed  out  in  previous  reports,  the  State  makes  no 
appropriation  for  the  current  work  of  the  Station  and  during  the 
thirteen  years  since  the  establishment  of  the  Station  has  appro- 
priated but  f  19,000  for  equipment.  Other  States  inferior  in  wealth 
and  resources  to  Pennsylvania  have,  on  the  other  hand,  liberally  sup- 
plemented the  Hatch  fund  by  State  appropriations  and  as  a  conse- 
quence their  Stations  are  carrying  on  a  range  and  variety  of  work 
which  is  impossible  for  us  under  present  conditions.  This  fact  I 
believe  to  be  worthy  the  serious  attention  of  the  Board  of  Trustees 
and  of  the  State.  Even  a  very  moderate  addition  to  the  annual  in- 
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come  of  the  Station  would  make  a  vast  difference  in.  the  amount  of 
work  which  it  would  be  possible  to  undertake.  We  have  men  com- 
petent to  carry  on  examinations  and  researches  which  would  be  of 
great  benefit  to  the  agriculture  of  the  Commonwealth,  but  at  pres- 
ent we  lack  the  means  to  make  the  most  efficient  use  of  these  men. 
As  a  measure  of  true  economy,  they  should  be  relieved,  as  far  as 
possible,  from  the  mechanical  and  clerical  details  of  their  work 
which  now  consumes  too  much  of  their  energy  and  be  abundantly 
furnished  with  all  the  apparatus  and  equipment  necessary  for  effec- 
tive work. 

The  School  of  Agriculture. 

The  Agricultural  Courses.  The  small  appropriation  which  the 
State  found  it  possible  to  make  in  1899  for  the  support  of  the  work 
of  the  College,  and  the  increasing  demand  for  Institute  work  on  the 
part  of  members  of  the  School  of  Agriculture,  combined  to  render 
necessary  some  contraction  of  the  work.  Accordingly,  after  careful 
consideration  of  the  whole  situation,  it  was  decided  to  discontinue 
temporarily  the  Short  Course  in  Agriculture  and  the  Cheese-Making 
Course,  these  being  apparently  the  ones  for  which  there  was  the 
least  popular  demand.  This  action,  while  it  appeared  unavoidable 
under  the  circumstances,  was  exceedingly  unfortunate.  Two  years 
before,  it  was  found  necessary  to  change  the  date  of  the  Short 
Course,  with  the  reaujt  of  a  comparatively  small  attendance;  the 
following  year  it  was  held  at  the  usual  time,  but  the  change  of  the 
year  before  reacted  unfavorably  upon  it,  and  but  few  registered. 
Following  this  comes  the  suspension  of  the  Course  for  the  present 
year.  Similarly  the  Cheese-Making  Course,  which  had  but  just  been 
established  and  which  had  not  had  time  to  become  known  to  the 
cheesmakers  of  the  State,  was  suspended  and  the  work  which  had 
been  expended  on  it  wa«  practically  lost. 

I  desire  to  call  special  attention  at  this  time  to  the  great  import- 
ance of  re-establishing  and  enlarging  the  Short  Course.  The  ex- 
perience of  other  States  has  demonstrated  beyond  question  that  the 
most  urgent  present  demand  is  for  agricultural  education  of  what 
might  be  called  high  school  or  secondary  grade,  and  in  those  states 
where  this  demand  has  been  liberally  and  systematically  met,  schools 
of  agriculture  have  been  developed  which  are  doing  most  valuable 
work  for  the  agricultural  community.  I  need  only  refer  to  the 
Short  Courses  of  States  like  Wisconsin  and  particularly  to  the  School 
of  Agriculture  of  Minnesota.  It  seems  to  me  exceedingly  important 
that  in  our  own  State  the  increasing  demand  for  agricultural  tduca- 
tion  should  be  met  by  the  provision  of  suitable  quarters  and  sup- 
plies for  such  a  school  of  Agriculture.     It  should  be  liberally  sup- 
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plied  with  all  necessary  means  of  demonstration  and  illustration  and 
should  offer  a  systematic  course  extending  through  the  winter 
months  of  two  or  three  successive  years,  but  so  arranged  that  even 
a  single  winter's  work  would  bo  of  value  to  the  student.  Such  a 
School  I  cannot  doubt  would  have  the  elfect  of  greatly  stimulating 
agricultural  prosperity  in  our  Commonwealth  and  of  increasing  the 
respect  accorded  the  farmer  by  helping  to  render  his  calling  an  in- 
tellectual occupation. 

The  demand  for  Institute  work  also  rendered  necessary  a  trans- 
position of  subjects  in  the  collegiate  course  and  a  consolidation  of 
classes.  While  the  call  for  outside  work  was  such  as  to  seem  to 
warrant  this,  its  effects  were  nevertheless  bad,  and  such  action 
should  be  avoided  in  the  future.  It  should  also  be  noted  that  this 
change  affected  students  taking  special  work  in  agriculture  by  lim- 
iting to  a  considerable  degree  the  range  of  choice  afforded  them. 

The  Creamery  Course  has  continued  to  prosper  as  in  years  past, 
the  number  of  applicants  being  nearly  double  what  could  be  accom- 
modated in  our  limited  quarters.  It  seems  self-evident  that,  since 
this  demand  has  continued  from  year  to  year  without  being  stimu- 
lated by  advertising,  some  adequate  provision  should  be  made  imme- 
diately, by  the  erection  and  equipment  of  a  suitable  dairy  building, 
for  providing  that  special  training  which  the  dairy  interests  of  the 
State  demand. 

Extension  Work.  The  various  forms  of  extension  work  in  agri- 
culture, which  the  College  is  carrying  on,  have  shown  very  remark- 
able and  gratifying  growth  during  the  past  year.  The  Correspond- 
ence Courses,  notwithstanding  the  fact  that  no  effort  has  been  made 
to  push  them,  have  shown  a  steady  growth.  About  two  hundred 
new  students  have  been  enrolled  during  the  year,  and  th5  total  num- 
ber doing  active  work  in  the  Correspondence  Courses  now  amounts 
to  nearly  eight  hundred. 

The  lessons  in  Nature  Study,  designed  for  teachers  in  the  public 
schools,  have  met  with  a  much  warmer  reception  than  was  ontici- 
pated.  Ten  lessons  have  been  prepared  and  printed  and  of  these  be- 
tween three  and  four  thousand  copies  have  been  distributed  in  the 
public  schools.  Many  expressions  of  interest  and  appreciation  have 
been  received  from  teachers  and  we  cannot  doubt  that  the  work 
thus  begun  in  a  small  way  is  meeting  a  conscious  want.  It  should 
be  possible  largely  to  increase  the  amount  and  scope  of  this  work. 

During  the  past  year  four  members  of  the  School  were  detailed 
for  Institute  work  during  the  whole  season,  while  the  assignment  to 
the  fifth  section  of  institute  workers  was  provided  for  by  the  de- 
tail of  several  different  members  of  the  School  for  short  periods. 
The  importance  of  thus  bringing  members  of  the  School  and  Sta- 
tion in  direct  contact  with  the  farming  communities  of  the  State, 
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and  conversely  of  bringing  to  these  communities  in  a  simple,  prac- 
tical way  the  results  of  the  investigations  made  a  the  Station,  can- 
not readily  be  overestimated.  The  work  of  the  farmers'  institutes, 
while  primarily  practical  in  its  character,  is  necessarily  coming  to 
depend  more  and  more  upon  the  results  of  the  work  of  the  Stations 
and  Colleges  and  it  cannot  in  this  day  be  prosecuted  effectively  with- 
out the  aid  of  scientifically  trained  men.  From  all  these  points  of 
view,  it  is  exceedingly  important  that  the  College  should  be  able  to 
carry  on  its  proper  share  of  this  work,  without  detriment  to  its  spe- 
cial functions  of  investigation  and  teaching. 

In  brief,  then,  there  is  every  reason  for  a  liberal  support  of  the 
various  branches  of  extension  work.  The  work  is  important,  not 
only  because  of  the  information  which  it  brings  to  the  farmer,  but 
because  it  helps  to  fit  him  to  appreciate  and  utilize  the  results  of 
Experiment  Station  work  as  presented  in  bulletins  and  reports  and 
conversely  relieves  the  Experiment  Station  of  the  demand  for  the 
publication  of  bulletins  of  information,  etc.,  and  leaves  it  free  to 
carry  on  its  proper  office  of  investigation  and  research. 

Needs  of  the  Work.  The  College  is  the  recognized  and  only  agency 
of  the  State  for  systematic  instruction  in  agriculture  and  as  such 
has  a  very  wide  field  of  work.  This  field  it  has  endeavored  to  cul- 
tivate as  efficiently  as  possible  with  the  means  at  its  disposal.  It 
rests  with  the  agriculturists  of  the  State  to  say  whether  the  work 
on  its  present  limited  scale  is  adequate,  or  whether  it  shall  be  so 
expanded  as  to  be  commensurate  with  the  importance  of  agriculture 
and  the  dignity  of  the  Commonwealth.  Such  an  expansion,  to  meet 
what  seems  to  be  present  demands  on  the  part  of  the  people,  would 
involve 

First,  Adequate  quarters  and  equipment  for  secondary  instruc- 
tion in  agriculture,  including  a  School  of  Agriculture  devoted  to 
the  practicable  instruction  of  farmers'  boys  and  girls  in  the  prin- 
ciples of  natural  science  and  their  special  applications  to  farming, 
and  special  courses  in  dairying,  and  possibly  for  other  branches. 

Second,  Liberal  support  for  the  various  phases  of  extension  work, 
including  the  Correspondence  Courses,  Nature  Study  for  teachers, 
and  the  attendance  upon  Farmers'  Institutes. 

In  conclusion,  I  desire  gratefully  to  acknowledge  the  uniform  and 
cordial  support  which  has  been  accorded  to  the  work  in  agricul- 
ture by  yourself  and  by  the  Board  of  Trustees,  and  the  constant  ef- 
fort which  has  been  made,  amid  the  perplexities  arising  from  iusuf- 
flcient  income,  to  maintain  that  work  at  the  highest  possible  degree 
of  efficiency. 

Respectfully  submitted, 

H.  P.  ARMSBY, 
Director  and^ean.   r 

State  College,  Pa.,  June  12,  1900.  Digitized  by  LjOOglC 
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II.— BIOLOGY. 


To  the  President: 

Sir: — In  the  Report  of  1896,  Dr.  Fernald  carefully  outlined  tiie  aim 
of  the  Depjirtment  in  Biology  and  in  the  '97  report  called  attention 
to  the  work  of  the  Senior  Class  in  Entomology  as  related  econom- 
ically to  agriculture — a  relation,  the  value  of  which,  he  was  able  the 
following  year  successfully  to  demonstrate  to  the  State  at  large.  In 
the  same  report  he  gave  a  list  of  the  improvements  for  that  year. 
To  say  that  there  have  been  no  improvements  since  might  leave  the 
impression  of  a  stand-still  in  the  Department.  This  is  not  true  in 
any  but  a  financial  sense.  Even  our  small  appropriation  was  cut 
off  last  year  and  it  has  been  rather  hard  to  make  the  practicum  dues 
of  12.00  per  term  pay  all  laboratory  expenses.  This  would  have  been 
an  impossibility  had  not  material  been  laid  by  during  the  years  ot 
plenty — ^that  is,  comparative  plenty — as  against  this  time  of  famine. 

Dr.  Femald  had  so  ably  carried  on  the  work  of  the  Department 
ever  since  it  has  been  a  Department,  that  it  has  seemed  best  to  con- 
tinue his  methods,  which  my  experience  as  Instructor  under  him  last 
year  made  it  possible  for  me  to  do.  I  should  like  to  call  the  at- 
tention of  the  Trustees  to  this  Department  especially,  as  it  has  been 
very  markedly  brought  before  the  public  in  the  past  few  days  by  the 
action  of  the  representatives  of  the  Agricultural  Societies  of  Penn- 
sylvania in  their  resolution  to  attempt  to  have  State  legislation  for 
Nature  Study  in  the  public  schools.  There  have  been  years  when 
there  were  no  graduates  in  Biology.  This  year  there  are  three  and 
unless  something  happens,  there  will  be  graduates  for  the  next  four 
years  as  we  have  students  in  each  college  class.  A  graduate,  of 
course,  means  much  extra  work,  and  in  no  department  is  more  time 
needed  for  the  preparation  both  of  desk  and  laboratory  material. 
One  person  can  do  it  and  has  done  it,  but  no  one  person  can  ever  hope 
to  make  it  the  interesting  subject  it  should  be  in  college  &nd  through 
the  State.  Many  of  the  leaflets  for  the  Correspondence  Course  must 
come  from  this  Department  and  that  means  hours  of  careful  consid- 
eration and  work,  for,  to  receive  recognition,  they  must  not  be  hur- 
ried productions.  Hitherto,  with  few  exceptions,  our  graduates  have 
entered  the  medical  profession,  but  now  with  this  new  field  of  Na- 
ture Study  in  the  public  schools,  we  should  be  able  to  offer  the  State 
very  proficient  teachers,  for  Nature  Study,  simple  as  it  may^  seem. 
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should  only  be  taaght  bj  one  who  thoroughly  understands  th^  sub- 
ject; better  not  be  taught  at  all  than  have  such  erroneous  ideas  in- 
culcated as  have  been  in  past  years.  The  fact  that  a  student  gradu- 
ating in  Chemistry  or  Engineering  secures  a  good  position^  is  one 
of  the  chief  reasons  why  these  courses  number  so  many  students. 
Were  this  Department  to  offer  simiiai*  inducements  in  the  way  of 
good  positions  for  experienced  teachers  there  would  be  more  of  an 
influx.  And  there  is  a  demand  for  a  science  teacher  if  we  are  only 
ready  to  meet  it.  Working  towards  this  and  with  Economic  Zoology 
gradually  attaining  such  prominence  and  importance  relative  to 
agriculture,  it  seems  as  though  this  should  be  one  of  the  greatest 
departments  in  State  College,  as  it  is  in  Cornell  and  other  State  In- 
stitutions. With  the  new  system  of  electives  we  are  increasing  the 
opportunities  for  specialization  along  several  different  lines  aud  in 
courses  outside  of  our  own,  and  these  opportunities  will  demand 
more  of  a  teaching  force  and  more  equipment  if  they  are  to  remain 
permanent.  A  fresh  water  aquarium,  even  though  small,  should  be 
in  every  zoological  laboratory  and  some  place  to  keep  other  animals 
alive  while  observations  on  their  habits,  etc.,  are  being  made.  Zo- 
ology is  no  longer  a  cramming  of  students'  minds  with  technical 
names,  but  teaching  them  to  use  their  eyes  and  deduce  ideas  as  to 
habits,  structure,  etc.  This  has  been  recognized  by  Harvard,  Yale, 
Chicago  University,  Cornell,  in  connection  with  all  of  which  are 
summer  schools  for  Nature  Study  or  marine  laboratories.  It  is  sur- 
prising, in  the  face  of  financial  handicaps,  what  successful  results 
have  been  accomplished  in  biological  work  here.  Our  course  in  zo- 
ology ranks  with  that  of  Harvard,  our  work  in  vertebrate  embryology 
is  more  careful  than  the  corresponding  work  at  many  medical 
schools;  it  is  not  necessary  to  speak  of  Entomology  for  it  is  well 
known  what  credit  Dr.  Fernald  brought  to  the  Department  during 
his  year  as  Economic  Zoologist  of  the  State.  It  is  working  against 
odds,  however,  to  keep  up  this  record  with  thirty-three  hours  of  ac- 
tual class  work  per  week  and  an  impossibility  under  such  conditions 
to  devote  any  time  to  outside  lecturing  and  writing,  which  will  do 
more  than  anything  else  to  bring  us  into  repute  with  the  schools  and 
people  of  Pennsylvania.  This  science  is  growing  so  rapidly  each 
year  that  we  must  grow,  too,  if  we  wish  to  keep  pace  with  other  in- 
stitutions and  do  the  high  grade  of  work  hitherto  credited  to  us. 
The  complaint  comes  from  every  department  of  lack  of  funds,  but 
when  it  is  realized  that  there  is  not  a  cent  for  this  work  while  an- 
other department  thinks  itself  handicapped  with  seven  thousand  per 
year  for  running  expenses,  and  when  it  is  realized  how  intimately 
this  is  associated  with  the  losses  to  crops  due  to  injurious  insects, 
etc.,  it  is  a  matter  for  importunity.    With  a  larger  laboratory  and 
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more  equipment,  I  do  not  hesitate  to  say  we  could  show  a  number  of 
students  exceeding  even  our  most  sanguine  expectations,  for  this 
is  a  practical,  not  a  theoretical  course,  and  is  coming  to  be  recog- 
nized as  such  more  fully  every  day. 

Respectfully  submitted, 

ELIZABETH  B.  MEEK, 
Instructor  in  Zoology. 
State  College,  Pennsylvania,  June  6,  1900. 
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III.— BOTANY  AND  HORTICULTURE). 


To  the  President: 

Sir: — ^The  affairs  of  tlie  Department  of  Botany  and  Horticulture 
have  been  administered  as  in  previous  years  with  little  to  call  for 
special  mention  or  report.  For  your  information  and  that  of  the 
Board  of  Trustees,  1  may  be  permitted  briefly  to  rehearse  the  main 
features  of  our  work  and  to  comment  upon  them.  While  there  have 
been  no  graduates  of  the  regular  courses  of  the  College  taking  work 
in  this  department,  there  have  been  during  the  year  several  students 
who  by  virtue  of  their  age  and  general  attainments  have  been  prac- 
tically ''advanced,"  in  spite  of  the  fact  that  their  work  has  been 
chiefly  with  the  undergi*aduate  classes.  I  speak  of  the  matter  be- 
cause of  their  uniformly  excellent,  in  some  cases,  superior,  scholar- 
ship, and  hence  the  beneficial  effect  which  they  have  upon  other  stu- 
dents: Having  a  distinct  purpose,  they  put  into  their  work  a  com- 
mendable degree  of  thought  and  diligence  which  has  a  salutary  ef- 
fect upon  their  associates.  On*  the  other  hand,  young  men  often 
come  and  take  a  three  months'  course  of  practical  work  of  some 
particular  kind,  together  with  a  modicum  of  class  room  instruction, 
and  are  duly  entered,  enrolled,  and  eventually  given  a  certificate; 
often  they  pass  in  the  outside  world  as  our  graduates.  There  may 
be  noted  also  a  slight  increase  in  the  number  of  special  students  who 
come  for  a  year  or  longer  to  study  the  more  practical  subjects  and 
such  as  their  attainments  qualify  them  to  pursue.  Under  these  con- 
ditions such  pupils  are  generally  quite  satisfactory  and  we  need  not 
fear  any  lowering  of  our  standards  or  interference  with  the  progress 
of  those  who  are  taking  a  full  four  years'  course  leading  to  a  degree. 
The  number  of  students  in  the  respective  subjects  has  been  slightly 
in  excess  of  previous  years,  but  the  indications  now  are  that  for 
the  coming  year  it  will  be  somewhat  smaller.  Relatively  small  num- 
bers in  this,  and  more  so  even  in  some  of  the  other  College  depart- 
ments, we  must  expect  so  long  as  current  notions  of  education  are 
dominated  by  the  idea  of  lucrative  employment  at  its  close.  This 
causes  many,  even  though  they  may  have  a  natural  bent  in  a  par- 
ticular direction,  to  abandon  it  and  yield  to  the  superior  solicita- 
tions of  that  which  promises  immediate  support. 

With  the  prospective  change  in  our  school  year  from  three  ses- 
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sions  to  two  there  have  been  some  changes  in  the  courses  of  study, 
chiefly  of  adaptation  and  distribution  of  subjects,  and  I  have  taken 
the  opportunity  to  change  somewhat  the  method  of  botanical  in- 
struction so  as  to  be  more  nearly  in  accord  with  modern  ideas.  Meth- 
ods in  class  room  and  laboratory  vary  with  increasing  knowledge 
and  with  pedagogical  ideas.  I  have  been  slow  to  introduce  any  in- 
novations until  I  have  felt  satisfied  that  they  were  meritorious  and 
necessary  and,  moreover,  fitted  for  our  conditions  and  the  grade  of 
work  which  we  should  do.  Enthusiasts  in  particular  sciences  are 
very  prone  to  advocate  the  use  of  methods  and  matter  whicii  are 
not  properly  fitted  for  undergraduates,  but  belong  to  university 
work.  In  the  main  we  have  been  in  substantial  accord  with  the 
best  practice  elsewhere  in  that  we  make  a  great  deal  of  practical 
work,  and  depend  largely  upon  our  illustrations  and  laboratory  dem- 
onstrations. Imperfectness  of  preparation  of  our  students  and  im- 
maturity of  mind  are  the  principal  diflficulties  encountered,  and  have 
served  to  check  any  tendency  to  introduce  and  employ  a  higher  grade 
of  work.  The  new  arrangement  in  two  sessions,  moreover,  will  give 
opportunity  for  adjustment  of  particular  topics  to  the  tim#  of  year 
best  fitted  for  their  consideration,  a  matter  of  considerable  import- 
ance in  botanical  and  horticultural  study,  which  I  have  long  de- 
sired. 

In  addition  to  the  general  method  pursued  in  the  primary  and 
fundamental  botanical  instruction  which  underlies  all  practice  in 
ifgriculture  and  other  arts,  I  feel  constrained  to  call  attention  to 
what  we  are  doing  in  such  fields  as  forestry  and  horticulture  which 
are  but  special  developments  along  particular  lines.  Upon  the  re- 
cent establishment  of  schools  of  forestry  in  two  of  our  gi*eat  univer- 
sities there  has  been  much  favorable  comment  and  some  surprise 
exhibited  that  nothing  of  the  kind  has  been  done  before,  and  that, 
heretofore  there  has  been  no  opportunity  for  American  students  to 
obtain  any  instruction  in  this  subject.  While  we  have  no  depart- 
ment of  forestry  in  this  institution,  still  less  a  school  of  thcd  name, 
we  have  for  some  years  given  a  course  of  twenty-five  lectures  and 
have  regularly  advertised  and  explained  the  same  in  our  published 
catalogue.  Save  for  a  brief  statement  of  commendation  by  the 
^tate  Commissioner  of  Forestry,  who  has  some  personal  knowledge 
of  the  institution,  the  writer  has  never  seen  any  reference  to  it  what- 
ever, and  apparently  it  is  not  known  that  we  give  instruction  of 
this  kind.     The  following  is  a  synopsis  of  this  course: 

I.  Definition  and  general  outline.  The  origin  and  growth  of  For- 
estry in  Europe.  The  forest  system  in  Germany,  France  and 
other  countries. 
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II.  North  America,  the  forest  continent.  Reasons  why  but  little 
attention  has  been  given  to  maintaining  forests.  The  forester 
and  the  lumberman. 

lU.  The  natural  means  of  conserving  or  reproducing  forests  by 
seed.     ''Mother"  trees.    Methods  of  cutting  to  permit  seeding. 

IV.  Seeding  by  artificial  means.  Seeding  under  different  condi- 
tions.   Raising  seedlings  for  transplanting. 

V.  Tree  planting  under  different  conditions.     Examples  of  arti- 

ficial plantations. 

VI.  Propagation  by  cuttings.     Sprout  or  coppice  growth. 

VII.  General  management  and  care  of  forests  in  order  to  provide 
for  continued  productiveness.  Principles  of  thinning  and 
cutting. 

VIII.  Conditions  which  favor  trunk  development.  Number  of 
trees  per  acre.  Yearly  accretion.  Relation  of  volume  incre- 
ment to  age.    Time  of  maximum  production. 

IX.  Time  of  most  profitable  cutting  as  related  to  size  and  age. 
Practical  examples  of  management  upon  these  principles. 

X.  Dangers  to  which  forests  are  subject.  Crude  public  opinion. 
Domestic  animals. 

XI.  Forest  fires.    Fire  laws.     Fire  prevention. 

XII.  Insect  injury.    Fungus  injury. 

XIII.  Character  of  forests  as  related  to  latitude  and  climate.  For- 
eign-American species. 

XIV.  Coniferous  trees — Pines. 

XV.  Coniferous  trees — Spruces,  Firs. 
'XVI.  Coniferous  trees — Cedars,  Cypresses. 
XVII.    Deciduous  trees — Oaks,  Beech,  Chestnut. 
XVin.  Deciduous  trees. — Birches,  Hickones,  Walnuts,  &c. 

XIX.  Deciduous  trees — Catalpa,  Cherry,  Locust,  &c. 

XX.  Deciduous  trees — Maples,  Basswood,  Magnolia. 

XXI.  Wood  industries.     Wood  products. 

XXn.  Relation  of  forests  to  climate.  Relation  of  forests  to  tem- 
perature, precipitation.    Relation  of  forests  to  water  supply. 

XXm.  Relation  of  forests  to  water  fiow.  Relation  of  forests  to 
floods  and  erosion.  Relation  of  forests  to  wind.  Relation  of 
forests  to  health. 

XXIV.  Economic  relation  of  forests  to  the  State  and  Nation. 
Use  of  public  lands.    Forest  reservations. 

XXV.  Forestry  education.    Forestry  as  an  occupation. 

It  is  not  claimed  for  this  brief  course  that  it  gives  a  complete  ex- 
position of  the  subject,  or  that  we  are  able  to  illustrate  it  and  give 
it  so  full  treatment  as  we  could  desire,  but  that  it  does  for  forestry 
just  what  we  do  for  entomology,  rhetoric,  German  or  any  skigle  sujb- 
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ject  in  our  College  curriculum.  Those  who  intend  to  follow  fortstrj 
as  a  business  or  profession  would  need  to  spend  much  time  in  fur- 
ther more  critical,  as  well  as  more  practical  study. 

Instruction  in  horticulture,  as  outlined  in  the  catalogue,  is  carried 
on  chiefly  by  my  associate,  Assistant  Professor  Butz.  All  the  or- 
dinary operations  of  horticulture  are  studied  and  illustrated  in  a 
thoroughly  practical  way,  and  in  addition  particular  attention  is 
given  to  certain  lines,  such  as  seed-testing,  forcing,  etc.  This  work 
being  carried  on  with  or  succeeding  the  study  of  botany  becomes 
much  more  than  that  of  the  mere  manual  of  operations.  The  care- 
ful student  cannot  fail  to  get  a  much  more  thorough  knowledge  of 
the  principles  underlying  them,  and  thus  be  prepared  for  a  more 
intelligent  and  more  satisfactory  practice  as  a  horticulturist. 

The  operations  of  making  and  applying  spraying  mixtures  of  va- 
rious kinds  have  been  both  practically  and  theoretically  illustrated 
by  all  the  horticultural  students  of  recent  years. 

The  growth  and  enlarged  scope  of  the  Correspondence  Courses 
have  entailed  increased  work  upon  all  who  are  connected  with  them. 
The  papers  when  returned  come  in  at  irregular  intervals,  and  are 
very  different  as  regards  length  and  completeness.  To  read  them 
is  not  so  much  of  a  task,  but  they  frequently  need  correction  and 
sometimes  reply,  in  order  that  the  students  may  not  get  wrong 
ideas.  Sometimes  queries  arise  in  the  student's  mind  and  he  writes 
for  fuller  information.  All  of  this  cuts  seriously  into  one's  time,  but 
it  is  doubtless  a  legitimate  part  of  our  work,  and  it  is  not  referred 
to  here  to  make  complaint.  An  analysis  of  the  patronage  of  this 
course  is  interesting  in  showing  what  class  of  people  is  interested 
in  it  and  benefitted  by  it.  I  have  not  attempted  to  do  this  except  as 
relates  to  my  own  subjects,  and  that  only  in  a  general  way.  A  con- 
siderable proportion  of  the  students  are  outside  of  the  State  of  Penn- 
sylvania, some  from  the  extreme  Eastern  and  the  Pacific  Coast 
States.  The  larger  number,  too,  are  not  young  pupils,  for  whom  the 
work  was  primarily,  at  least,  intended,  but  are  mature  men  in  all 
ranks  of  life  and  kinds  of  business;  the  majority,  however,  are  either 
directly  engaged  in  some  form  of  agriculture  or  quite  interested  in 
it.  By  far  the  best  work  has  been  done  by  the  last  named.  Teach- 
ers, preachers  jind  others  seem  to  have  been  prompted  by  curiosity 
more  than  anything  else,  and  in  some  cases  have  dropped  out  without 
completing  the  course. 

Tf  I  am  correct  in  these  matters,  it  seems  a  necessary  inference 
that  this  is  nothing  more  nor  less  than  university  extension  work, 
no  matter  by  what  name  we  may  call  it.  If  so,  this  is  another  case 
in  which  The  Pennsylvania  State  College  is  getting  scant  credit  for 
a  very  important  educational  service  unlimited  by  age,  sex  or  place 
of  residence  of  the  beneficiaries.  ^  j 
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Acting  aDder  the  general  agreement  with  the  State  Department  of 
Agriculture,  1  have,  to  a  limited  extent,  taken  part  in  the  Farmers' 
Institute  work,  but  the  calls  seem  to  be  increasing  and  the  time 
lengthening. 

Very  respectfully  yours, 

W.  A.  BUCKHOUT, 
Professor  of  Botany  and  Horticulture. 
State  College,  Pennsylvania,  May  24, 1900. 


Digitized  by 


Google 


81  ANNUAL  REPORT  OF  Off.  Doc. 


IV.— CHEMISTRY. 


To  the  President: 

Sir — My  report  of  last  year  was  devoted  almost  exclasively  to 
a  somewhat  theoretical  study  of  what  the  work  of  a  Department  of 
Chemistry  in  a  wide-awake  Technical  Institution  at  the  present  time 
ought  to  be,  after  which  in  a  few  paragraphs  I  sought  to  sho\^  that 
the  work  of  our  own  Department  of  Chemistry  is  being  carried  out 
along  the  lines  indicated  by  the  most  advanced  discussion  of  th-*  day. 
Scarcely  any  space  was  given  to  the  consideration  of  our  equipment, 
our  instruction  force,  or  our  limitations. 

This  year  I  would  like  to  review  as  briefly  as  possible,  the  situa- 
tion in  which  we  find  ourselves  as  regards  actual  working  conditions 
confronting  us  in  the  contemplation  of  the  task  we  have  to  perform 
in  the  next  twelve  months. 

The  Quantitative  Laboratory.  Our  laboratory  for  Quantitative 
Analysis,  large  enough  for  the  six  or  eight  students  who  were  likely 
to  seek  instruction  in  this  subject  at  any  one  time  when  the  build- 
ing was  first  occupied,  ten  years  ago  this  session,  has  long  since  been 
outgrown,  and  now,  for  the  forty  or  fifty  in  actual  numbers  who  come 
to  us  for  instruction  in  this  branch,  is  utterly  inadequate.  By  mak- 
ing several  divisions  of  students  we  have  thus  far  been  able  to 
schedule  all  work  assigned  to  us,  but  we  have  about  reached  the  limit. 
There  are  nominally  twenty-four  working  places,  but  the  laboratory 
is  sadly  overcrowded  when  the  full  number  is  present  at  one  time. 
Though  the  forty  or  fifty  students  who  demand  accommodations  at 
at  present,  have,  as  just  stated,  been  thus  far  provided  for,  ypt  the 
actual  number  of  hours  from  Monday  morning  to  Saturday  noon  is  a 
fixed  quantity  and  we  have  practically  exhausted  the  possibilities. 
Allowing  two  or  three  to  overflow  into  the  private  laboratory  as 
we  have  done,  affords  but  an  imperfect  and  unsatisteetory  relief  pur- 
chased at  the  cost  of  much  sacrifice  of  convenience  and  interference 
with  work.  Already  the  pressure  of  larger  numbers  is  upon  us. 
The  very  next  winter  will  introduce  a  larger  number  than  ever  before 
if  our  curriculum  of  many  years  standing  is  maintained.  The  limit 
of  physical  possibility  will  be  reached,  and  1  am  forced  to  inquire, 
what  can  be  done  with  this  number  of  students?  T  am  basing  this 
view  on  the  numbers  of  students  now  in  College  classes,  and  not  on 
any  prospective  numbers  whatever.  Should  the  next  Freshijmn  Clasp 
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be  again  a  small  one,  of  such  numbers  as  we  were  accustomed  to  in 
the  past,  I  could  see  that  we  might  so  divide  the  numbers  next  win- 
ter as  to  bridge  over  this  difficulty,  but  if  the  next  incoming  class  is 
as  large  as  the  present  Freshman  Class,  and  I  trust  there  is  no  reason 
to  suppose  the  contrary,  the  pressure  of  numbers  in  our  quantitative 
laboratory  will  at  once  become  so  great  that  either  some  of  our  work 
must  be  stopped  or  some  of  our  students  be  turned  away  from  the 
laboratory.  This  year  some  advanced  Chemistry  students  were 
crowded  out  of  their  regular  places  and  forced  to  work  under  dis- 
advantages in  order  to  permit  some  beginners  in  Quantitative  Analy- 
sis, most  Electric  Engineers  and  a  few  others,  to  have  a  place  to 
do  their  work.  This  is  not  right  and  ought  not  to  be  repeated, 
though  as  a  purely  temporary  measure,  I  was  willing  to  allow  it  to 
take  place. 

The  Organic  Laboratory.  In  planning  a  Chemical  Laboratory  for 
The  Pennsylvania  State  College  no  provision  was  made  for  practical 
work  in  Organic  Chemistry,  an  omission  which  is  almost  as  in- 
comprehensible in  these  days  as  would  be  the  omission  from  a  Col- 
lege curriculum  of  any  provision  for  teaching  Mathematics,  or  Po- 
litical Science.  While  Organic  Chemistry  might  be  omitted  from  a 
course  in  Metallurgy  or  other  engineering  specialties  which  involve 
some  Chemistry  (though  I  believe  such  omission  is  always  to  the 
disadvantage  of  a  liberally  educated  man),  or  perhaps  from  the  cur- 
ricula of  those  denominational  or  other  Classical  Colleges  which 
aim  no  higher  than  to  keep  abreast  of  the  fairly  good  High  Schools  of 
the  land,  it  certainly  cannot  rationally  be  omitted  from  the  courses 
of  study  in  a  College  which  aims  to  turn  out  educated  and  well 
trained  chemists  and  to  stand  in  line  with  other  institutions  of 
higher  education. 

There  can  be  no  adequate  understanding  of  the  processes  of 
Physiological  or  of  Agricultural  Chemistry,  nor  yet  of  the  great 
industries  of  gas  and  oil,  pulp  and  paper  making,  sugar  refining, 
food  preparation,  dyeing,  bleaching,  etc.,  etc.,  without  a  systematic 
and  thorough  study  of  Organic  Chemistry.  The  specialist  must 
study  this  side  also,  if  for  no  other  re.ason,  because  of  the  valuable 
light  which  it  throws  on  the  theory  of  Inorganic  Chemistry. 

Our  students  in  this  subject  have  thus  far  been  crowded  into  a 
small  room  in  the  basement,  never  intended  for  such  use,  and  most 
imperfectly  adapted  to  it.  Here  again,  so  long  as  our  special  stu- 
dents of  chemistry  numbered  no  more  than  three  or  four  in  a  class, 
we  managed  fairly  well;  when  the  number  reached  about  six,  as  it 
has  been  for  the  last  two  years,  we  could  still  do  our  work,  though 
any  such  thing  as  individual  possession  of  apparatus,  or  assignment 
of  working  places  has  long  since  had  to  be  abandoned,  to  the  very 
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great  disadvantage  of  the  work.  But  next  year  we  have  eleven  stu- 
dents in  sight  for  this  branch  of  the  work.  I  can  not  understand 
what  they  are  to  do.  It  will  be  impossible  for  them  to  accomplish 
their  assigned  work  with  our  present  conveniences;  it  cannat  be 
thought  that  a  dozen  students  can  be  crowded  into  a  room  not  large 
enough  to  hold  six.    What  is  to  be  done? 

Balance  Eoom  and  Library.  Here  again  is  met  a  problem  which 
was  simple  enough  five  or  ten  years  ago,  but  very  difficult  of  solu- 
tion now.  So  long  as  one  small  room  serves  for  both  library  and 
weighing  room,  all  reading  room  work  for  all  branches  of  our  De- 
partment instruction,  and  all  weighings  pertaining  to  the  quantita- 
tive work  must  be  performed  within  the  confines  of  one  small  room, 
now  too  small  to  serve  adequately  either  purpose  alone.  Many  times 
there  is  a  congestion  here  w^hich  is  very  objectionable;  students  have 
to  wait  for  balance  conveniences  and  are  much  in  each  other's  way 
aside  from  causing  serious  detriment  to  work  by  delay  and  loss  of 
time. 

Gas  Laboratory.  The  important  subject  of  Gas  Analysis,  valuable 
and  necessary  as  it  is  not  only  for  the  Chemist,  but  for  the  mining 
and  mechanical  engineer  as  well,  we  have  been  compelled  this  year 
to  omit  entirely,  except  in  so  far  as  it  is  covered  by  lectures.  But 
lectures  or  recitation  work  in  such  a  subject  as  Gas  Analysis  is  of 
next  to  no  value,  unless  accompanied  by  actual  practice  in  per- 
forming the  analysis  of  gaseous  mixtures.  It  happens  that  this 
is  a  subject  which,  though  it  requires  no  large  consumption  of 
time,  does  make  larger  demands  on  the  instructor  than  most  others. 
It  involves  a  great  deal  of  rather  complicated  apparatus,  and  this 
in  turn  requires  much  of  the  time  of  an  instructor  to  keep  it  in  order 
for  work,  so  that  I  am  always  unwilling  to  attempt  a  class  of  a 
dozen  students  in  this  work  unless  I  can  have  at  least  two  teachers 
in  charge  all  the  time,  and  really  think  it  almost  unprofitable  unless 
we  can  control  three.  For  the  past  few  years  we  have  had  a  class 
of  about  a  dozen  in  this  subject  and  have  placed  sometimes  three, 
and  sometimes  two  instructors  in  charge,  but  never  less  than  two. 

It  may  not  be  known  to  some  of  the  Board  of  Trustees,  that  we 
have  had  no  proper  place  in  which  to  perform  this  work.  Indeed, 
there  was,  at  first,  no  place  at  all,  but  some  four  years  ago  we  con- 
structed a  long  rough  table  in  the  unfinished  attic  of  the  Chemical 
building  and,  the  subject  occurring  in  the  first  part  of  the  Spring 
term,  I  have  taken  the  class  there,  in  spite  of  the  unevenness  of  the 
temperature  which  often  renders  Gas  Analysis  results  worthless. 
More  to  be  feared  is  the  inclemency  of  the  April  days,  there  being 
no  opportunity  whatever  for  artificial  heat.  More  than  once  a 
warning  has  come  in  the  shape  of  a  severe  cold  contracted  in  this 
unfinished  room,  on  the  part  of  student  or  intructor,  and  although 
students  have  many  days  peformed  their  work  there  in  liheir  ovet-^ 
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coats,  and  we  have  had  to  adjourn  on  certain  other  days  because 
of  too  great  exposure,  thus  suffering  a  waste  of  assigned  time,  the 
work  has  nevertheless  been  kept  up  until  the  present  year.  Yet 
I  have  often  regarded  it  as  unwarranted  to  permit  the  maintenance 
of  a  branch  of  our  work  under  such  untoward  circumstances. 

So,  when  the  spring  term  was  approaching  and  I  found  our  in- 
struction force  so  cut  down,  and  the  remnant  of  it  so  overworked  that 
it  was  imperative  that  something  be  cut  off,  I  secured  executive  per- 
mission to  omit  Gas  Analysis  instruction  for  this  year  for  the  two- 
fold reason.  Should  our  force  permit  its  being  resumed  next  year, 
I  should  still  be  reluctant  to  return  to  the  unfinished  room  in  the 
attic,  a  place  so  bad  that  the  subject  might  about  as  well  be  omitted, 
as  undertaken  under  such  conditions.  I  sincerely  hope  that  provi- 
sion may  be  made  very  soon  for  a  suitable  gas  laboratory,  or  at 
least  one  which  may  serve  that  purpose  for  a  portion  of  the  year. 

Qualitative  Laboratory.  Fortunately  I  need  not  complain  of  the 
inadequate  size  of  the  laboratory  for  beginners  in  elementary  and 
qualitative  work.  This  hall  is  large,  having  places  for  seventy-two 
students,  which  is  as  large  a  number  as  I  think  should  ever  be 
brought  together  in  one  room  at  one  time  for  this  purpose.  It  is 
true,  however,  that  the  size  of  the  present  Freshman  class  is  such 
that  two  laboratory  divisions  are  necessitated  where  one  has  hither- 
to been  sufficient.  This,  of  course,  doubles  the  effort  of  instruction. 
As  an  illustration,  I  am  now  conducting  sixteen  hours  per  week  of  the 
most  exhausting  work  which  I  ever  perform,  while  eight  hours  have 
always  sufficed  before.  I  mention  this  circumstance  in  no  spirit  of 
dissatisfaction  whatever,  but  merely  to  call  attention  to  it  as  one 
of  the  outlets  through  which  some  of  the  surplus  energy  of  the  in- 
struction force  can  escape.  As  a  matter  of  course,  this  calls  for  du- 
plicated work  on  the  part  of  the  laboratory  assistant  also.  The  same 
conditions  will  presumably  hold  every  session  from  now  on.  In- 
deed, I  fully  anticipate  that  ii  will  be  necessary  to  make  two  divi- 
sions of  the  engineering  section  of  the  Sophomore  Class  in  Qualita- 
tive Analysis  next  fall  session.  We  shall  surely  avoid  it  if  possible, 
but  at  present  it  appears  inevitable. 

Lecture  Room.  The  largest  auditorium  which  we  possess  seats 
one  hundred  and  seven  persons.  It  was  filled  to  overflowing  last 
session.  Chairs  had  to  be  brought  in  to  accommodate  all  who  at- 
tended the  course  of  lectures  in  General  Experimental  Chemistry 
for  beginners.  Possibly  ten  more  permanent  seats  can  be  provided, 
but  then  all  available  space  will  be  occupied.  Even  with  chairs  in 
the  aisles  not  more  than  one  hundred  and  twenty-five  persons  can 
be  seated  and  we  must  therefore  divide  the  class  when  that  number 
is  reached,  presumably  next  winter,  and  thus  duplicate  another  por- 
tion of  the  work  making  a  further  draft  on  the  resources  of  the  in- 
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struction  force.  It  will  be  remembered  in  this  connection  that  we 
ha^e  only  one  supplementarj  lecture  hall.  A  third  recitation  room, 
though  not  an  immediate  necessity,  would  prove  a  most  valuable  ad- 
dition to  our  conveniences  and  one  which  has  often  been  temporarily 
needed.  On  repeated  occasions  the  schedule  committee  have  been 
forced  to  arrange  for  three  of  our  recitations  or  lectures  to  take  place 
at  one  hour,  and  yet  we  have  thus  for  been  able  to  adjust  all  such 
cases  by  holding  the  exercise  with  the  class  of  smallest  numbers  in 
the  library  or  some  other  inconvenient  place. 

Library  Equipment.  We  have  been  able  to  make  no  additions  to 
the  chemical  library,  aside  from  subscriptions  to  a  few  journals,  for 
a  number  of  years.  It  is  needless  for  me  to  say  that  we  are  sadly 
behind  the  times  in  this  respect.  To  keep  our  advanced  work  up  to 
the  standard  of  excellence  we  have  maintained  in  the  past  demands 
frequent  and  searching  reference  to  the  most  rapidly  growing  liter- 
ature of  our  science,  a  pursuit  in  which  we  are  always  handicapped, 
if  not  completely  blocked  at  the  first  turn.  Five  years  ago  I  re- 
ported my  belief  that  our  department  library  was  one  of  our  weakest 
places,  and  expressed  a  hope  for  the  privilege  of  spending  five  or 
six  hundred  dollars  in  new  books  and  new  subscriptions  within  a 
year,  a  hope  which  I  regret  was  not  in  that  year,  nor  in  any  subse- 
quent year  realized. 

Museum.  It  is  a  matter  of  disappointment  to  me  that  work  in 
advancing  the  museum  of  chemical  industry  has  had  to  cease  by 
reason  of  lack  of  time  and  of  funds.  The  museum  is,  however,  one 
of  the  strongest  points  in  our  equipment.  It  made  rapid  strides  dur- 
ing the  years  in  which  we  could  give  it  a  little  time  and  effort,  and 
became  a  most  important  factor  in  instruction  in  applied  chemistry. 
The  cessation  of  our  labor  along  the  line  of  its  development,  due  to 
temporary  lack  of  funds  and  time,  is,  I  trust,  destined  to  prove  only 
an  intermission,  and  that  of  short  duration. 

General  Equipment.  Nothing  has  been  added  to  the  equipment 
of  the  laboratory  for  some  years.  In  fact  rather  the  reverse  '*s  true, 
for  while  nothing  has  been  carelessly  allowed  to  deteriorate,  still 
the  suplus  stock  of  staple  goods  which  it  was  our  practice  to  carry 
on  hand  a  few  years  ago,  knowing  that  it  was  better  economy  to  an- 
ticipate our  wants  and  purchase  in  large  quantities  in  advance  of 
our  needs,  making  use  of  the  low  price  of  duty  free  importations  from 
Europe,  has  mostly  disappeared.  So  pressing  was  the  need  of  funds 
for  certain  lines  of  our  work  that  we  have  gradually  allowed  our 
stock  of  regular  goods  to  be  diminished;  for  example,  no  impoitation 
of  chemicals  has  been  made  during  the  current  collegiate  year,  for 
the  first  time  since  my  connection  with  the  College.  Even  such  mat- 
ters as  certain  repairs  to  building,  heating  apparatus,  ventilation 
fan,  etc.,  have  in  more  than  one  case  demanded  immediate  care,  the 
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expense  of  which  could  not  be  met  outside  of  the  department,  con- 
sequently had  to  be  so  provided  for  that  the  ultimate  effect  has  been  a 
diminution  in  stock  of  chemicals  and  apparatus.  This  is  not  as 
it  should  be,  but  will,  I  trust,  be  remedied  in  a  year  or  two. 

Recapitulation.  Reviewing  briefly  the  important  needs  which  I 
have  outlined  above,  I  would  now  assemble  as  urgent,  immediately 
urgent,  the  three  items: 

1.  Greater  quantitative  laboratory  space. 

2.  More  room  for  practical  organic  work. 

3.  Some  provision  for  gas  analysis. 

Further,  I  would  again  make  the  statement  that  these  three 
branches  of  our  work  can  not  go  on  for  more  than  a  short  time  with- 
out some  provision  for  laboratory  space.  This  is  a  physical  obstruc- 
tion which  we  meet  here,  of  such  nature  that  I  am  powerless  to  avoid 
it  and  I  have  no  option  but  to  present  the  facts  as  they  are.  In  doing 
80  I  can  assure  you  that  I  have  not  made  use  of  a  word  or  an  ex- 
pression which  in  any  measure  exaggerates  or  otherwise  than  most 
faithfully  represents  the  situation  as  I  see  it. 

Other  needs  outlined  above,  not  included  in  these  three  particular 
ones,  important  as  they  are  for  the  welfare  of  the  Department,  may 
of  course  be  postponed  without  curtailing  or  seriously  impairing  our 
work,  but  not  so  the  three  to  which  I  have  just  called  special  at- 
tention. 

Department  Force.  I  cannot  close  a  report  of  this  character  with 
out  mentioning  something  of  the  needs  of  our  force  of  Department 
workers.  Shorthanded,  as  repeatedly  mentioned  in  my  annual  re- 
ports of  the  last  few  years,  we  found  ourselves  doubly  so  at  the  open- 
ing of  this  year  when  the  laboratory  assistant,  Mr.  F.  T.  Beers,  who 
had  served  the  College  faithfully  during  his  connection  with  the 
force,  withdrew  to  accept  a  commercial  position  and  I  was  not  per- 
mitted, because  of  lack  of  funds,  at  once  to  fill  his  place.  Without 
this  assistance  upon  which  we  have  come  to  place  great  dependence, 
the  work  of  the  last  fall  session,  especially  in  Qualitative  Analysis 
with  Sophomores  of  all  courses,  was  very  unsatisfactorily  performed. 
I  may  truthfully  say  it  was  seriously  impaired. 

This  difficulty  was  greatly  increased  by  the  necessary  withdrawal 
from  the  total  strength  of  the  Department  of  Dr.  F.  J.  Pond's  time 
to  an  extent  sufficient  to  enable  him  to  carry  the  work  formerly 
done  by  the  Assistant  Professor  of  Mining  Engineering  and  Metal- 
lurgy, and  of  enough  of  Dr.  W.  J.  Keith's  time  and  attention  to  care 
for  the  subjects  of  Crystallography  and  Mineralogy.  These  are 
serious  drafts  on  our  force  to  which  I  gave  most  reluctant  consent. 
That  fhey  have  sadly  crippled  us  can  not  be  denied.  Upon  my  ap- 
peal in  the  fall  term,  the  Executive  Committee  kindly  allowed  my 
request  for  the  restoration  of  the  laboratory  assistant  for  the  winter 
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and  spring  sessions  of  the  current  year,  a  most  needed,  though  only 
partial  measure  of  relief. 

For  this  position  the  services  of  Mr.  Charles  M.  H.  Atherton,  of 
our  class  of  1892,  were  secured  for  six  months  from  January  first, 
1900. 

But  our  work  increases  with  incoming  numbers,  and,  as  has  been 
stated  earlier  in  this  report,  some  parts  of  our  instruction  which  have 
never  required  duplication  before,  must  needs  be  duplicated  next  fall. 
Indeed,  I  do  not  see  how  the  instruction  work  of  next  year  can  be 
accomplished  without,  first,  the  continuance  of  the  assistanceship 
just  mentioned,  and  second,  the  addition  of  one  other  teacher  to 
the  force.  Such  additional  teacher  ought  to  be  a  man  of  some  ex- 
perience, who  can  rank  as  instructor  at  suitable  salary,  and  be  en- 
trusted with  the  conduct  of  classes,  or  better  still,  with  the  entire 
responsibility  of  some  sub-department  of  the  work,  as  for  instance 
Industrial  Chemistry  and  Gas  Analysis.  If  obliged  to  get  along 
with  a  beginner  merely,  as  an  additional  laboratory  assistant,  the 
aid,  though  very  appreciable,  will  not  be  so  great  as  is  needed  since 
it  is  actual  relief  from  the  conduct  of  parts  of  the  work  which  is 
most  seriously  required. 

As  our  department  work  increases,  another  need  will  develop,  not 
altogether  remote  now,  which  we  shall  find  very  important,  namely, 
a  person  whose  duty  shall  be  to  relieve  us  of  all  the  care  of  the  book- 
keeping, accounting,  issuance  of  apparatus,  etc.,  as  well  as  to  act 
as  stenographer  and  clerk.  All  this  labor  is  now  divided  among  the 
force,  most  of  the  clerical  work  devolving  upon  me,  and  the  burden 
of  correspondence  alone,  performed  as  it  is  without  assistance,  for 
a  large  and  growing  department,  is  no  trifle.  A  systematic  issue 
of  apparatus  by  a  person  who  should  remain  at  all  times  in  sole 
charge,  would  result  in  much  economy. 

In  submitting  this  report,  I  wish  to  renew  all  former  expressions 
of  appreciation  of  the  cordial  support  always  extended  to  my  Depart- 
ment by  the  President,  the  Exceutive  Committee,  and  the  Board  of 
Trustees. 

Very  respectfully, 

G.  G.  POND, 
Professor  of  Chemistry. 

State  College,  Pa.,  May  18,  1900. 
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v.— CIVIL  ENGINEERING. 


To  the  PresideDt: 

Sir: — The  work  of  this  department  has  been  carried  on  during 
the  past  year  in  much  the  same  way  as  heretofore  and  I  will  speak 
of  only  a  few  points  in  detail. 

During  the  year  1898-9,  on  account  of  the  illness  of  one  of  the  in- 
structors, we  were  compelled  to  carry  on  the  work  with  a  reduced 
force.  This  year,  on  account  of  the  failure  of  the  last  Legislature 
to  provide  anything  for  the  maintenance  of  the  department,  our  force 
has  been  still  further  L*educed,  so  that  it  has  been  necessary  for  us  to 
do  with  two  men  the  work  which,  for  miximum  eflSciency,  could  well 
occupy  the  time  of  four.  While  nearly  all  the  subjects  scheduled 
have  been  taught,  it  has  been  found  necessary  to  adopt  methods 
which  are  far  from  satisfactory,  such  as  assigning  two  classes  to  an 
instructor  at  the  same  time,  and  teaching  classes  in  large  sections 
instead  of  small  ones.  With  the  increase  in  the  number  of  stu- 
dents that  will  come  to  us  for  instruction  next  year  it  will  not  be 
possible  for  us  to  do  the  work  without  another  assistant. 

During  the  past  year  we  have  been  able  to  add  to  the  equipment 
of  this  department  apparatus  for  experimenting  on  the  flow  of  water 
in  connection  with  our  work  in  hydraulics.  This  was  purchased 
with  funds  obtained  from  the  last  appropriation. 

The  apparatus  consists  of  a  ten-inch  riveted  steel  standpipe  eighty- 
two  feet  in  height,  extending  from  the  basement  of  the  engineering 
building  to  the  roof.  In  the  basement  and  on  the  first  floor  provi- 
sion is  made  for  the  attachment  of  plates  provided  with  standard 
orifices,  short  tubes  and  mouthpieces,  with  valves  for  shutting  off 
the  water.  The  standpipe  is  supplied  with  water  from  a  three-inch 
pipe  which  rises  by  the  side  of  it  to  a  height  of  about  forty-five  feet. 
A  waste  pipe  of  the  same  siz,  also  extends  to  the  same  height.  By 
means  of  properly  located  valves  the  water  in  the  standpipe  may  be 
kept  at  a  constant  level  while  an  experiment  is  carried  on.  The 
height  of  water  is  observed  in  a  glass  tube  provided  with  a  graduated 
scale,  which  extends  from  the  basement  up  to  a  height  of  fifty  feet. 
Above  this  point  the  height  is  determined  by  a  mercury  colun^n 
placed  on  the  third  floor. 

On  the  second  floor  a  system  of  three-inch  pipes  affords  an  op- 
portunity for  studying  the  flow  of  water  in  pipes.     In  this  system  is 
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a  Venturi  Meter,  which  furnishes  a  very  accurate  means  of  deter- 
mining the  amount  of  water  flowing  through  the  sjstem.  These 
pipes  discharge  through  a  standard  Underwriters  play  pipe  which 
is  provided  with  a  set  of  nozzles  of  different  sizes. 

The  nozzles  and  the  standpipe  discharge  on  the  second  floor  into 
a  steel  weir  tank  ten  feet  long  and  five  feet  wide,  having  an  adjust- 
able crest.  The  overflow  from  the  weir  tank  goes  to  either  one  of 
two  large  cylindrical  measuring  tanks  in  the  basement.  Those  tanks 
have  a  capacity  of  two  hundred  cubic  feet  (about  fifteen  hundred 
gallons)  each,  and  have  been  carefully  calibrated  so  that  the  amount 
contained  in  them  at  any  time  is  indicated  by  a  glass  gage.  As  each 
of  these  tanks  discharges  through  a  six-inch  quick  action  valve,  they 
can  be  emptied  in  a  very  short  time,  thus  permitting  accural^  and 
rapid  measurement  of  large  volumes  of  water.  Smaller  tanks  which 
can  be  placed  on  platform  scales  afford  a  very  accurate  means  of  de- 
termining smaller  volumes  of  water. 

The  entire  apparatus  is  so  arranged  that  a  great  variety  of  ex- 
periments can  be  performed.  One  experiment  affords  four  measure- 
ments of  the  same  water  by  different  methods,  viz:  By  the  Venturi 
meter,  by  the  hose  nozzle  with  a  pressure  gage  at  the  entrance,  by 
the  weir,  and  by  the  measuring  tank.  The  latter  gives  an  accurate 
measurement  by  which  the  laws  of  flow  may  be  investigated  and  the 
common  formulae  for  the  various  conditions  may  be  checked. 

The  promptness  with  which  positions  were  secured  by  the  gradu- 
ates in  this  department  last  year  was  very  gratifying.  Of  the  eight 
graduates,  seven  went  into  railroad  work,  one  or  more  going  t"  each 
of  the  following  railroads:  New  York  Central  and  Hudson  River; 
Pittsburgh,  Fort  Wayne  and  Chicago  Railway,  and  the  Illinois  Cen- 
tral Railroad.  One  man  found  employment  with  the  Carnegie  Steel 
Company.  The  indications  are  that  this  year's  class  will  flnd  sat- 
isfactory employment  without  difficulty,  one  man  having  already 
been  offered  three  positions. 

Trusting  that  you  will  not  permit  this  department,  which  is  among 
the  oldest  in  the  College,  to  suffer  seriously  on  account  of  the  with- 
drawal of  the  State  appropriation,  and  that  the  present  condition 
of  affairs  may  not  occur  again,  I  remain. 

Very  respectfully  yours, 

P.  E.  POSS, 
Professor  of  Civil  Engineering. 

State  College,  Pa,,  May  24,  1900. 
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VI.— ELECTRICAL  ENGINEERING. 


To  the  President: 

Sir: — 1  have  the  honor  of  submitting  a  report  for  the  Depart- 
ment of  Electrical  Engineering  during  the  College  year  1899-1900. 
In  general  it  is  fair  to  say  that  the  improvement  in  our  system  and 
the  growth  of  efficiency  in  the  work  has  been  as  pronounced  as 
in  preceding  years.  This .  continuous  development  is  the  result  of 
the  sound  policy  you  have  inaugurated  and  pursued,  in  connection 
with  the  Board  of  Trustees,  with  reference  to  the  entire  collegiate 
work  of  the  course. 

Character  of  Studies. 

In  the  previous  reports  of  this  Department  you  will  find  more  or 
less  detailed  descriptions  of  the  various  studies  offered  in  electricity. 
As  very  few  changes  in  the  general  method  of  treatment  have  oc- 
curred since  that  time,  it  is  not  now  needful  to  repeat  these  descrip- 
tions. The  character  of  the  work  with  reference  to  the  relative 
amount  of  attention  given  to  theory  and  to  practice  is,  however,  of 
great  importance  and  is  one  which  has  not  been  touched  upon  in 
the  preceding  reports  of  this  Department.  As  a  first  statement  with 
reference  to  this  subject,  it  is  safe  to  say  that  the  Course  in  Elec- 
trical Engineering  as  arranged  at  this  Institution  may  fairly,  be  con- 
sidered to  be  eight-tenths  theory  and  two-tenths  practice.  The 
back-bone  of  the  Course,  which  begins  with  the  Spring  term  of  the 
Sophomore  year  and  runs  through  to  graduation  under  the  various 
titles,  Electricity  and  Magnetism,  Dynamo  Electrical  Machinery  and 
Alternating  currents,  is  essentially  a  stiff,  continuous,  theoretical 
study  of  the  various  physical  phenomena  observed  in  dealing  with 
electricity  and  magnetism.  This  theoretical  work  is  further  devel- 
oped by  thorough  courses  in  the  transmission  of  Electrical  Energy, 
Electro-metallurgy,  and  Instruments  of  Precision.  A  comparatively 
small  amount  of  time  is  assigned  to  mere  practical  details  in  the  ap- 
plication of  electrical  power  to  lighting,  traction,  speech-transmis- 
sion, heating,  manufacturing,  etc.  In  the  drafting  rooms  and  labora- 
tories exactly  the  same  relative  condition  exists.  Here  the  experi- 
ments or  problems  to  be  developed  by  the  student  are  si(c 
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enable  him  to  grasp  the  physical  laws  with  which  he  must  deal  Httle 
time  being  assigoed  to  technical  details. 

There  are  two  extreme  types  of  courses  in  Electrical  Engineering 
offered  by  colleges.  In  the  first  nothing  is  taught  but  the  theory  of 
electricity  and  magnetism,  essentially  no  reference  being  made  to 
the  utilization  of  the  laws  and  principles  which  are  studied;  while 
the  other  class  offers  almost  no  theory,  but  is  confined  closely  to 
teaching  the  details  of  installation  and  construction  as  found  in  the 
engineering  field.  It  is  conceded  by  all  professors  of  electrical  en- 
gineering who  have  developed  worthy  courses  of  instruction,  that 
neither  of  these  classes  is  efficient  or  satisfactory.  The  first  method 
may  be  likened  to  the  teaching  of  history  without  pointing  to  the  in- 
fiuences,  results,  and  lessons  which  are  to  be  drawn  from  the  e>  ents 
considered;  and  the  second  is  somewhat  similar  to  teaching  Geom- 
etry by  having  it  committed  to  memory  instead  of  following  the  rea- 
soning processes.  A  mean  between  the  two  classes  is  that  followed 
by  the  eight  or  ten  best  courses  in  the  United  States.  Such  a  mean, 
leaning  toward  the  theoretical  side,  is  followed  by  the  Course  at  this 
Institution.  The  various  principles  or  laws  are  carefully  developed 
and  studied,  starting  with  the  most  fundamental  phenomena  and 
after  this  has  been  done  their  effects  upon  applications  and  utilities 
are  briefiy  noted.  By  such  a  system  the  student  not  only  obtains 
an  idea  of  the  utility  of  the  subject  studied,  but  also  is  enabled  to 
conceive  very  clearly  its  true  physical  meaning.  It  is  impossible  for 
such  a  conception  to  be  obtained  by  a  mere  theroetical  development, 
lacking  practical  illustrations  or  applications.  The  fact  that  where- 
ever  our  men  have  come  in  contact  with  the  graduates  of  other  Col- 
leges they  have  had  reason  to  feel  that  they  were  entirely  able  to 
hold  their  own  is  substantial  evidence  that  this  method  is  a  proper 
one.  The  false  impression  is  quite  prevalent  that  the  drafting  room 
and  laboratory  are  strictly  for  practical  training.  The  truth  '>*  that 
both  of  these  divisions  in  a  good  electrical  engineering  course  are 
just  as  largely  theoretical  as  are  the  lecture  and  recitation. 

The  result  of  a  course  properly  arranged  with  reference  to  theory 
and  practice  should  be  to  enable  a  man  to  master  his  profession  and 
meet  new  problems  as  they  arise  with  intelligence  and  success. 
Where  the  course  is  too  theoretical  the  young  engineer  shows  an  im- 
practicability which  is  apt  to  bar  his  progress  materially,  while  the 
man  who  has  had  the  opposite  training  lacks  the  essential  mental 
development  and  understanding  which  is  secured  by  a  thorough  col- 
legiate education.  He  is,  therefore,  apt  to  remain  in  a  position  which 
is  similar  to  that  of  a  mechanic. 
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Department  Growth. 

Since  the  inception  of  the  Department  of  Electrical  Engineering 
in  the  Spring  of  1893,  there  has  been  not  only  a  moderately  steady 
growth  in  equipment  and  efficiency  of  methods,  but  also  in  the  num- 
ber of  students  enrolled  in  the  catalogue  as  taking  the  Electrical  En- 
gineering Course  and  in  the  number  of  men  graduated  each  year. 
The  number  of  students  taking  the  Course  beginning  with  the  cata- 
logue year  1892-1893  stands, 

1892-3, 40  1896-7, 65 

1893-4, 57  1897-8, 65 

1894-5, 63  1898-9, 68 

1895-6, 64  1899-1900, 92 

The  number  of  men  who  have  been  graduated  in  the  Course  be- 
ginning with  the  Spring  of  1898  are  for  the  same  College  years, 

1892-3, 0  1896-7, 9 

1893-4,. 3  1897-8, 8 

1894-5, 8  1898-9, 11 

1895-6, 9  1899-1900, 17 

It  will  be  noticed  that  in  both  of  these  tabulations  the  growth  is 
more  or  less  by  steps,  which  is  likewise  true  in  other  institutions. 
It  is  seen,  however,  that  though  the  rate  of  growth  has  been  more 
or  less  irregular,  the  number  of  students  has  increased  about  one 
hundred  and  ten  per  cent.,  while  the  number  of  graduates  has  in- 
creased from  zero  to  seventeen.  Two  things  are  clearly  indicated 
by  the  tabulations:  JFirst,  That  the  demand  for  training  in  Elec- 
trical Engineering  at  this  Institution  is  steadily  increasing;  and 
second,  that  the  number  of  men  having  the  ability  and  desire  to 
complete  the  course  is  increasing  at  a  still  greater  rate. 

The  call  for  this  Course  is  naturally  explained  by  the  extensive 
industrial  applications  of  electricity  in  Pennsylvania  to  mining,  man- 
ufacturing processes,  traction,  lighting,  etc.  From  all  indications 
the  conclusion  may  fairly  be  drawn  that  the  situation  of  the  Institu- 
tion is  such  as  to  make  a  strong  demand  upon  it  for  suitable  fa- 
cilities in  the  training  of  men  for  the  Electrical  Engineering  profes- 
sion. 

Instructors. 

The  Department  is  now  completing  the  second  College  year  with 
only  two  Instructors.  This  does  not  include  a  small  amount  of  aid 
given  by  student  assistants  in  the  Spring  session.    It  has  ^tJb 
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possible  to  carry  on  the  work  with  this  number  of  men  in  the  thor- 
ough manner  that  I  believe  the  Board  of  Trustees  would  desire. 
The  number  of  students  in  Electrical  Engineering  per  instructor  is 
much  greater  here  than  in  other  institutions  of  similar  standing  with 
which  I  have  made  comparison.  I,  therefore,  earnestly  request  that 
a  laboratory  assistant  who  is  capable  of  constructing  apparatus  be 
added  to  the  force  of  the  Department  at  the  earliest  possible  time. 
In  making  this  suggestion  I  would  add  that  it  might  be  well  to  have 
a  man  who  can  not  only  assist  in  the  laboratory  but  who  can 
also  do  a  large  part  of  the  necessary  repairs  to  the  Electric  Light 
and  Power  Plant.  Such  an  arrangement  would  be  of  great  advan- 
tage as  Mr.  Albert  Emerick's  time  is  now  so  fully  occupied  that  it 
has  been  necessary  to  employ  a  considerable  amount  of  day  labor 
to  assist  him  in  making  repairs  to  the  plant.  If  such  an  arr«^nge- 
ment  could  be  made,  part  of  the  expense  of  the  assistant  would  fairly 
be  chargeable  to  the  electrical  lighting  account. 

*Mr.  F.  F.  Thompson,  our  Instructor  in  Electrical  Engineering,  has 
been  doing  very  satisfactory  work  and  I  think  deserves  a  substan- 
tial recognition.  I  have  already  informed  you  in  my  previous  report 
of  his  extended  and  valuable  training  for  the  position  he  now  holds. 
I  have  nothing  to  say  other  than  high  praise  in  referring  to  his  work. 
If  you  could  arrange  to  give  him  an  increase  of  salary  or  some  other 
recognition,  it  would  certainly  be  well  merited. 


Equipment. 

During  the  past  year  it  has  been  possible  to  add  very  little  to  the 
previous  equipment  of  the  Department,  on  account  of  the  very  lim- 
ited means  appropriated  for  general  expenses.  In  fact  the  small 
amount  so  given  is  entirely  inadequate  to  maintain  our  present 
equipment  properly,  to  say  nothing  of  supplying  the  new  apparatus 
absolutely  essential  to  the  work.  I  beg  that  you  will  give  your  ear- 
nest attention  to  this  imperative  need  of  the  Department  for  a  larger 
maintenance  fund.  The  fact  that  we  never  have  had  the  means  for 
duplicating  apparatus,  while  the  number  of  students  calling  for  in- 
struction in  electrical  engineering  has  been  increasing  rapidly,  ren- 
ders it  absolutely  essential  that  some  regular  expenditure  be  made 
to  enable  us  to  continue  our  regular  schedule.  As  the  work  pro- 
gresses, it  is  found  necessary  to  use  all  kinds  of  devices  and  tem- 
porary expedients  to  piece  out  the  small  additions  that  we  are  able  to 
make.  You  can  readily  see  that  with  such  limitations  upon  the 
Department  it  is  difficult  to  maintain  the  high  standard  you  desire. 

The  foregoing  statements  in  regard  to  equipment  have  reference 
merely  to  keeping  our  work  up  to  its  past  grade  as  the  (^J^ssf  s  in- 
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crease,  and  not  with  the  view  of  improvement.  I  assume  that  during 
the  coming  year  there  will  be  but  a  small  fund  for  enlargement  of  the 
equipment,  but  nevertheless  the  matter  is  one  of  so  great  importance 
that  it  should  be  brought  to  jour  mind  for  action  whenever  the  finan- 
cial condition  of  the  College  permits.  The  fact  is  unquestionable 
that  unless  a  large  appropriation  is  made  at  once,  the  Depai*tment 
will  lose  standing  as  compared  with  those  of  similar  institutions. 
Nearly  all  the  universities  or  colleges  giving  strong  courses  in  Elec- 
trical Engineering  have  been  obtaining  generous  sums  yearly  for 
new  equipment  from  the  time  of  their  establishment  to  the  present. 
Not  only  is  the  average  amount  per  year  received  by  the  institu- 
tions with  which  I  am  familiar  greater  than  at  our  College,  but  the 
number  of  years  the  courses  have  been  established  is  also  greater. 
As  you  will  remember,  the  Department  at  this  Institution  was  not 
put  into  operation  until  the  latter  part  of  the  College  year  1893-4, 
while  in  other  institutions  similar  courses  were  established  as  early 
as  1875. 

In  the  beginning,  there  was  no  equipment  available  for  the  Depart- 
ment at  the  College.  During  the  first  year  three  machines  were  do- 
nated outright  to  us  by  the  United  Light  and  Power  Company,  of 
New  York  city  through  the  instrumentality  of  Frederic  DarUrgton, 
'86,  and  one  machine  was  furnished  by  the  Edison  General  Electric 
Company  at  the  nominal  price  of  $50.00.  A  necessary  number  of 
high  grade  instruments  and  supplies  for  the  Department  were  pur- 
chased. This  small  equipment,  a  large  portion  of  which  was  donated 
to  the  College,  was  the  nucleus  upon  which  the  present  laboratories 
have  grown.  During  the  succeeding  years,  a  considerable  amount 
of  machinery  has  been  donated  and  three  machines  have  been  pur- 
chased at  a  fair  consideration  from  the  Department  of  Physics.  Es- 
sentially all  the  measuring  instruments,  voltmeters,  ammeters,  gal- 
vanemeters,  electrometers,  etc.,  have  been  obtained  at  a  large  ex- 
pense, as  this  class  of  apparatus  cannot  be  gotten  of  good  quality 
and  at  the  same  time  inexpensively.  These  statements  indicate  that, 
though  the  available  funds  have  not  been  great,  yet  the  equipment 
has  been  steadily  improved  each  year.  On  the  other  hand,  it  must 
be  remembered,  as  suggested  above,  that  such  institutions  as  the 
Massachusetts  Institute  of  Technology,  Cornell,  Leland  Stanford, 
and  the  Universities  of  Wisconsin,  California,  Ohio,  Michigan  and 
Illinois  have  not  only  had  a  larger  yearly  fund  at  their  disposal,  but 
have  had  in  every  case  a  longer  period  for  development.  As  these  in- 
stitutions have  all  been  well  managed  in  their  departments  of  Elec- 
trical Engineering,  it  is  evident  that  they  have  had  an  opportunity 
to  gather  together  much  more  extensive  facilities  than  has  been  pos- 
sible here.  The  institutions  above  may  be  considered  fairly  compara- 
ble in  the  work  done  in  Electrical  Engineering  to  that  of  this  Institu- 
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tion.  It  might  be  said  in  passing  that  there  are  a  great  many  Col- 
leges having  courses  scheduled  in  £lectrical  Engineering  which 
scarcely  deserve  that  name,  as  the  work  is  done  with  almost  no  fa- 
cilities either  in  the  way  of  an  engineering  faculty  or  equipment. 
Such  institutions  turn  out  a  large  number  of  graduates  entirely  unfit 
to  grapple  efficiently  with  professional  work.  These  institutions  do 
not,  therefore,  form  a  basis  for  comparison. 

It  is  evident  from  the  statements  already  made  that  if  the  De- 
partment of  Electrical  Engineering  is  to  hold  its  own  with  those 
of  the  better  Colleges,  it  must  have  a  large  fund  put  at  its  disposal 
at  once.  It  should  have  the  sum  of  at  least  f  10,000  to  expend  imme- 
diately and  should  then  have  generous  amounts  yearly  to  put  into 
new  equipment.  There  is  one  other  reason  which  makes  a  large  an- 
nual appropriation  necessary.  That  is,  the  rapidly  changing  char- 
acter of  the  applications  of  electricity  in  the  engineering  field. 
When  the  Department  was  started,  direct  current  machinery  of  from 
100  to  500  volts  was  used  almost  exclusively,  and  largely  for  lighting 
and  street  railways.  Since  then  polyphase  currents  have  been  de- 
veloped and  are  rapidly  superseding  the  direct  and  single  phase  al- 
ternating currents.  Transmissions  of  power  with  voltage  as  high  as 
30,000  and  distances  as  great  as  40  miles  are  being  installed  with 
the  near  prospect  of  still  more  radical  changes  in  the  future.  Elec- 
tricity is  being  rapidly  applied  to  the  mining  industries  of  the  coun- 
try with  the  consequent  development  of  new  types  of  machinery  to 
meet  the  conditions.  Suitable  apparatus  is  being  designed  and  ex- 
tensively applied  to  the  driving  of  our  great  manufacturing  estab- 
lishments. The  original  street  railway  systems  are  expanding  into 
great  inter-urban  roads  with  consequent  change?©  in  types  of  ap- 
paratus. Electricity  is  becoming  a  most  useful  agent  in  the  field  of 
Industrial  Chemistry.  One  company  alone  utilizes  20,000  horse 
power  for  this  purpose.  The  enclosed  arc  lamp  is  taking  the  place 
of  the  open  lamp.  The  familiar  incandescent  lamp  with  its  carbon 
filament  glowing  in  a  vacuum  bids  fair  to  be  soon  displaced  by  a 
radically  different  form  of  electric  light.  The  telephone  systems 
of  the  country  are  in  many  respects  unlike  those  of  six  years  ago. 
And  finally  it  may  be  said  that  the  design,  installation  and  methods 
of  application  of  electricity  have  been  essentially  revolutionized  with- 
in the  brief  period  of  the  life  of  this  Department. 


Floor  Space. 

I  have  already  called  your  attention  to  the  cramped  quarters 
in  which  the  electrical  work  is  now  being  carried  on.  The  electrical 
equipment  was  first  established  in  the  mechanical  laboratory  but 

Digitized  by  V:iOOQlC 


Ko.  21.  THK  PENNSYLVANIA  STATE  CULJ-EGE.  47 

inadequate  tioor  spat^  soon  caused  it  to  be  placed  in  what  aie  fre- 
quently designated  the  fan  and  dark  rooms.  It  was  not  long  before 
this  new  disposition  was  found  insufficient,  and  the  present  quar- 
ters under  the  carpentry  shop  were  assigned  to  the  Department. 
We  are  again  in  such  straits  for  suitable  door-space  that  it  is  en- 
tirely impossible  to  carry  on  many  lines  of  our  work  in  a  suitable 
manner.  The  Department  needs  badly  at  least  double  the  room  that 
is  now  assigned  to  it,  and  this  space  should  be  designed  and  arranged 
with  special  reference  to  the  lines  of  work  to  be  pursued.  Entirely 
satisfactory  arrangements  are  impossible  in  a  building  originally 
planned  for  other  purposes.  My  hope  is  that  a  wing  can  be  added 
to  the  Engineering  Building  that  will  give  the  needed  facilities. 

Theses. 

In  a  number  of  the  previous  reports  will  be  found  more  or  less 
detailed  descriptions  of  our  laboratory  work  which  will  serve  as  a 
fair  basis  h}  w  hicb  to  judge  the  character  and  scope  of  the  training 
during  the  past  year.  There  is  a  good  deal  of  this  work,  however, 
which  deserves  further  mention.  The  theses  spoken  of  below  are 
of  this  character. 

Messrs.  J.  H.  Siegfiied  and  A.  H.  Berger  have  spent  a  large 
amount  of  time  in  completing  the  construction  of  a  60,000  volt  trans- 
former, which  was  originally  designed  by  Messrs.  H.  P.  Wood  and 
J.  L.  Stewart.  The  excellent  character  of  the  work  is  shown  by  the 
fact  that  the  transformer  will  not  only  maintain  its  very  higb  sec- 
ondary voltage  but  also  in  every  way  seems  to  have  met  the  condi- 
tions of  the  original  design.  To  indicate  the  difficulty  of  the  prob- 
lem with  which  they  had  to  deal,  it  may  be  said  that  there  are  very 
few  systems  using  over  20,000  volts  and  none  have  ever  been  in- 
stalled to  use  the  voltage  in  question.  These  men  and  their  succes 
sors  will  carry  on  investigations  with  this  piece  of  apparatus  with 
reference  to  the  limit  of  voltage  that  can  be  practically  utilized  for 
long  distance  transmissions.  The  importance  of  this  work  will  be 
appreciated  when  it  is  understood  that  the  cost  of  copper  for  trans- 
mitting electrical  energy  varies  inversely  as  the  square  of  the  pres- 
sure. 

Messrs.  G.  C,  Shaad  and  I).  S.  Morgan  are  experimenting  along  the 
lines  originally  developed  by  Messrs.  V.  M.  Weaver  and  W.  B.  Daw- 
son, of  last  year's  class.  The  object  sought  is  an  economical  method 
of  splitting  up  single-phase  alternating  currents  into  polyphase  cur- 
rents. Special  apparatus  has  been  carefully  designed  and  construct- 
ed for  obtaining  this  end  and  from  the  data  so  far  obtained  the  final 
results  give  indication  of  being  of  value  to  the  electrical  indu*?tries. 
This  investigation   cannot  be  completed  by  this  class  and  must. 
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therefore,  be  continued  by  the  one  succeeding.  To  the  present  time, 
when  it  has  been  found  necessary  to  ''split"  an  alternating  current 
for  the  purpose  of  starting  induction  motors,  only  unsatisfactory 
methods  have  been  available. 

Messrs.  G.  E.  Guy  and  R.  J.  D.  Hoover  have  designed  and  construct- 
ed an  automatic  synchronizing  switch  for  throwing  alternating  cur- 
rent generators  into  parallel.  Such  machines  have  always  been 
coupled  together  by  hand  at  the  expense  of  much  time,  and  where 
the  attendants  are  inexperienced,  with  the  accompaniment  of  more 
or  less  serious  accidents.  The  apparatus  constructed  by  these  men 
appears  from  the  tests  made  upon  it  by  the  use  of  our  laboratory 
generators  to  be  an  improvement  over  the  hand  method. 

The  remainder  of  the  theses  are  entitled:  Complete  Incandes- 
cent Lamp  Tests  by  A.  M.  Pierce  and  J.  N.  Nesbit;  Remodeling  of 
an  Electric  Light  and  Power  Plant  by  W.  A.  Krebs  and  J.  Agnew; 
The  Design  of  an  Electric  Railroad  between  Tyrone  and  Bellwood 
by  D.  S.  Miller  and  E.  J.  Thompson;  Experimental  Investigation  or 
The  Characteristics  of  a  Two-Phase  Induction  Motor  by  J.  McKinley 
and  C.  C.  Mattern;  Design,  Construction  and  Test  of  a  Single-,  Two- 
and  Three-Phase  Rotary  Converter  by  D.  H.  Plank  and  H.  C.  Glen- 
wright;  and  Methods  for  Increasing  the  Earning  Capacity  \d  the 
Electric  Light  Plant  at  Watertown,  Pa.,  by  C.  Bolard.  These  theses 
as  may  be  seen  from  the  titles  all  consist  of  original  investigation 
and  research  work. 

The  Electric  Light  Plant. 

To  make  the  system  of  distribution  from  the  Electric  Power  Plant 
complete,  it  is  desirable  that  feeders  be  run  to  the  group  of  build- 
ings surrounding  Dr.  H.  P.  Armsby's  residence  and  to  the  Agricul- 
tural Experimental  Station  buildings.  The  first  should  run  through 
the  tunnel  to  the  Chemistry  and  Physics  building  and  from  there  on 
should  be  placed  underground  in  interior  conduits.  A  needed  im- 
provement is  also  the  placing  of  the  wires  running  from  the  Botan- 
ical building  to  the  Grove  in  interior  conduits.  The  same  disposition 
would  also  be  desirable  in  case  of  the  wires  running  to  the  Univer- 
sity Inn  and  to  the  Beta  Thete  Pi  fraternity,  though  these  are  not 
quite  so  unsightly. 

There  is  still  more  or  less  re-wiring  that  should  be  done  to  bring 
the  plant  up  to  the  proper  stage  of  insulation.  This  is  a  matter  that 
cannot  be  delayed  long  as  the  old  methods  in  use  for  wiring  were 
such  that  a  break  down  of  the  insulation  is  liable  to  occur  at  any 
time.  The  pole  lines  that  cannot  be  removed  by  placing  the  wires 
underground  should  all  be  renewed  as  they  have  been  standing 
more  than  their  normal  life. 


Digitized  by 


Google 


No.  21.  THE  PENNSYLVANIA  STATE  COLLEGE.  41 

In  concluding  my  Report,  I  "wish  to  renew  my  sincere  thanks  to 
you  and  to  the  Board  of  Trustees  for  the  kindly  and  valuable  as- 
sistance you  have  rendered  me  in  my  College  work  and  to  assure  you 
that  I  shall  endeavor  to  merit  your  aid  by  careful  attention  1o  the 
interests  of  the  Department  entrusted  to  my  care. 

Respectfully  submitted, 

JOHN  PRICE  JACKSON, 
Professor  of  Electrical  Engineering. 
State  College,  Pa.,  May  21,  1900. 
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VII.— ENGLISH  AND  RHETORIC- 


To  the  President: 

Sir: — How  to  turn  out  from  our  colleges  young  men  ard  women 
who  can  write  their  mother  language  with  ease  and  accuracy  is,  as 
you  well  appreciate,  one  of  the  serious  problems  of  modern  educa- 
tion. Could  the  college  control  the  child's  environment  and  early 
training;  could  it  dictate  the  merhods  of  preparation  for  the  period 
of  advanced  work,  there  would  be  a  notable  lessening  of  the  diffi- 
culty; but  manifestly  this  is  impossible.  The  average  student  <omes 
from  a  home  where  the  vocabulary  is  small  and  the  diction  and  syn- 
tax may  be  slovenly,  where  little  or  no  effort  is  made  to  secuie  cor- 
rect and  easy  English,  and  where  good  literature  is  not  always  abund- 
ant. He  attends  schools  where  English  work  is  often  sadly  neg- 
lected, and  he  fits  for  college  where  this  important  subject  rectives 
but  scanty  attention.  As  a  result  he  reaches  the  college  deficient 
even  in  the  common  mechanical  processes — spelling,  grammatical 
construction,  punctuation,  and  division  into  paragraphs.  Ho  has 
moreover  a  limited  vocabulary,  an  awkward  hand,  and  a  timid  and 
halting  pen.  The  writing  of  his  English  exercises  is  regarded  by 
him  as  one  of  his  hardest  tasks.  Such  a  student  is  by  no  means  the 
exception  in  our  colleges.  Of  the  eight  hundred  or  more  who  have 
sat  in  my  class  room  during  the  past  six  years  not  more  than  one- 
fourth  were  prepared  to  do  work  in  English  of  a  distinctly  college 
grade,  and  over  half  were  deficient  in  the  fundamentals  that  should 
have  been  learned  in  the  lower  schools. 

To  make  from  such  material,  in  the  short  time  that  can  be  given 
to  English  work,  men  who  are  worthy  to  bear  the  diploma  of  c«  tol- 
lege  is  wellnigh  impossible.  Too  often  the  college  can  do  nothing 
but  furnish  those  foundations  which  should  have  been  laid  in  child- 
hood. The  fault  lies  largely  with  the  lower  schools  and,  until  they 
are  made  to  understand  fully  their  deficiencies  in  this  respect  and 
their  responsibility,  the  colleges  will  continue  to  reap  the  fruits  of 
their  sowing. 

The  English  department,  as  the  very  first  step  in  its  work  with 
Freshman  beginners,  endeavors  to  make  each  student  appreciate  the 
imperative  necessity  of  ease  and  accuracy  in  the  use  of  the  mother 
tongue.  It  is  impressed  upon  him  ihat  by  his  English  he  is  classified 
in  society;  that  whatever  calling  he  may  enter,  whether  engineering, 
chemistry,  agriculture,  law,  divinity,  his  mother  tongue  is  to  be  his 
chiefest  tool;  that  no  man  can  reach  a  commandij^jg  succ@^^art^ 
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calling  in  life  and  neglect  the  art  of  English  composition,  and  that 
slovenly  English  almost  invariably  is  the  index  of  slovenly  thinking. 
A  lively  realization  of  the  importance  of  a  subject  is  the  first  step- 
ping stone  towards  a  mastery  of  that  subject. 

From  the  very  first  the  student  is  required  to  write.  No  art  can 
be  acquired  without  constant  and  painstaking  practice  and  the  ma- 
nipulation of  language  is  the  most  subtle  of  all  arts.  The  student  is 
made  to  write  always  upon  things  with  which  he  is  perfectly  fa- 
miliar; things  that  are  specific  and  within  the  realm  of  his  enthu- 
siasms. The  favorite  subjects  of  the  old  rhetorics:  "War/-  **Dis- 
ease,"  "Youth,"  "Morning,"  -^Autumn,"  "Honesty,"  and  the  like, 
which  have  paralyzed  completely  so  many  youthful  pens,  are  avoided 
like  contagion.  The  student  is  called  upon  to  criticize  or  dofend 
in  two  hundred  words  the  "guards  back  formation;"  he  describes  an 
historic -spot  that  he  once  visited;  he  tells  how  he  passed  the  en- 
trance examinations;  he  defends  his  choice  of  course;  he  detail?;  the 
circumstances  that  led  him  to  the  college;  he  describes  in  a  few 
words  a  building  on  the  campus  so  that  the  instructor  can  guess  at 
once  which  one  he  has  in  mind;  he  describes  familiar  things  with 
the  eye  upon  the  object;  he  uses  his  imagination  and  tells  what  his 
maiden  aunt  would  say  if  she  could  see  his  room  at  times  or  witness 
a  foot-ball  game;  he  looks  at  the  college  life  from  the  standpoint 
of  the  farmer  in  the  neighborhood;  he  tells  of  curious  people  whom 
he  has  seen;  laughable  experiences,  and  exciting  incidents.  By  and 
by  it  dawns  upon  him  that  composition  is  not  so  hard  after  all. 

Hand  in  hand  with  the  composition  is  the  daily  recitation  upon 
the  fundamentals  which  underlie  the  art.  These  are  illustrated  by 
extracts  from  the  essays;  and  by  d^ily  paragraphs  written  in  the 
class.  Every  essay  passes  under  the  blue  pencil  of  the  instructor 
and  faults  are  indicated  in  the  margin.  Often  the  composition  is  re- 
written by  its  author  sometimes  many  times  over.  Weaker  students 
are  given  frequent  conferences;  their  faults  are  discussed  and  their 
hanitual  errors  are  kept  constantly  before  them.  Manifestly  such 
work  requires  much  of  the  instructor.  To  hold  oneself  steadily 
hour  after  hour  to  the  task  of  reading  inferior  and  often  grot*  sque 
English  is  nerve  wearing  in  the  extreme.  But  there  is  no  other 
way.  The  instructor  in  English  who  would  shirk  this  dismal  duty 
has  certainly  mistaken  his  calling. 

The  exercises  are  varied  constantly.  Often  the  instructors  in 
other  departments  are  called  upon  for  subjects  in  connection  with 
work  which  the  students  are  doins:  there.  Often  reports  are  required 
upon  some  branch  of  industry  with  which  the  student  is  perfectly 
familiar;  the  making  of  coke,  the  drilling  of  oil  wells,  the  rotation 
of  crops,  etc.  Descriptions  illuptratod  by  diagrams  are  sometimes 
required.    Good  results  after  the  first  session  are  secured ^y  al-   t 

Digitized  by  VjOOQlC 


62  ANNUAL  REPORT  OP  Off.  Doc. 

lowing  tbe  students  to  exchange  themes  and  correct  and  criticize  at 
will.  All  such  corrections,  however,  must  later  pass  under  the  eye 
of  the  instructor.  The  instructor  sometimes  writes  upon  the  essay 
all  the  questions  which  it  raises  in  his  mind.  But  it  is  needless  to 
dwell  further  upon  methods.  Suffice  it  to  say  that  the  practical 
standpoint  is  never  lost  sight  of,  and  that  by  the  end  of  the  year 
the  student  has  at  least  gained  a  clear  idea  of  what  good  English  is 
and  what  his  own  failings  and  excellencies  are. 

With  the  exception  of  a  small  amount  of  forensic  work  in  the 
Sophomore  and  Junior  years  Iho  student  in  the  technical  courses 
gets  no  regular  training  after  the  first  year.  The  students  in  the 
general  courses,  however,  have  a  chance  to  pursue  the  subject  still 
further.  The  late  revision  of  the  General  Science  Course  has  made 
it  possible  to  offer  as  much  work  in  the  history  of  the  English  lan- 
guage and  literature  as  is  given  in  most  classical  colleges.  The 
course  has  been  arranged  in  logical  sequence.  Beginning  with  a 
study  of  bibliography,  which  aims  to  make  the  student  perfectly  at 
home  in  any  library,  it  introduces  him  first  to  his  own  American 
literature,  then  to  the  history  of  the  English  language,  and  then  to 
a  survey  of  the  whole  field  of  English  literature  by  periods.  During 
the  closing  session  the  student  is  required  to  make  a  critical  study  of 
some  period  or  phase  of  literary  history  working  wholly  from  original 
sources. 

The  department  is  continually  handicapped  in  its  advanced  work  in 
English  literature  by  the  condition  of  the  College  library.  An  orig- 
inal expenditure  of  at  least  $500  with  an  annual  allowance  of  not  less 
than  |100  will  be  necessary  before  the  library  can  be  used  for  original 
investigations  of  any  real  value. 

The  year  has  been  in  many  respects  a  very  successful  one.  The 
Freshman  class  came  better  prepared  and  has  done  better  work  than 
has  any  other  since  my  connection  with  the  Department.  The  re- 
cent revision  of  the  schedule  has  distributed  the  English  subjects  so 
that  more  satisfactory  work  can  be  done  than  ever  before,  and  the 
addition  of  elective  subjects  in  literature  to  the  General  Science 
Course  has  greatly  broadened  the  scope  and  general  effectiveness 
of  the  Department. 

Respectfully  submitted, 

FRED  LEWIS  PATTEE,. 
Professor  of  English  and  Rhetoric. 

State  College,  Pennsylvania,  May  19,  1900. 
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VIII.— HISTORY  AND  POLITICAL  SCIENCE. 


To  the  President: 

Daring  the  year  1S1»9-1JMM»  the  work  in  the  Department  of  Political 
8eienee  and  Historj'  has  consisted  of  the  following  courses:  {1}  Gen- 
eral History,  five  hours  for  the  Fall  term,  and  four  hours  for  the 
Winter  term;  «2>  Policical  Economy,  four  hours  for  the  Fall  term; 
i:i»  Constitutional  Law,  four  hours  for  the  Winter  term;  {A)  Interna- 
tional Law,  five  hours  for  the  Spring  term;  i.lj  The  Territorial  Growth 
of  the  United  States,  four  hours  for  the  Fall  term,  and  three  hours  for 
the  Winter  and  Spring  terms.  The  first  course  was  required  for  all 
Sophomores;  the  second,  third  and  fourth  courses  were  required  for 
all  the  seniors;  the  fifth  course  was  elected  by  the  seniors  in  the 
Latin  Scientific  course  throughout  the  year  and  by  the  seniors  m  the 
course  in  Philosophy  daring  the  Winter  and  Spring  terms. 

In  a  community  which  is  dominantly  industrial  in  character,  and 
in  a  college  which  very  rightly  reflects  in  large  measure  the  industrial 
character  of  the  coninumity  which  it  serves,  there  may  be  a  tendency, 
not  to  deny,  but  sometimes  to  forget  the  value  of  work  done  in  this 
department.  It  is  not  contended  that  the  study  of  the  political  and 
social  sciences  will  tend  in  any  direct  way  to  make  a  man  a  better 
engineer,  or  to  give  him  a  l)etter  technical  ediuation  of  any  sort.  The 
work  in  this  department  is  not  designed  for  such  a  purpose.  The 
purpose  of  these  studies  is  rather  to  broaden  the  mind  of  the  stu- 
dent, increase  his  general  mental  power  and  grasp,  teach  him  how 
to  think  in  new  ways  and  with  reference  to  matters  as  widely  sep- 
arated as  possible  from  the  technical  subjects  which  go  to  make  up 
the  main  part  of  his  course.  But  these  studies  are  helpful  to  the  tech- 
nical student  not  merely  for  the  purpose  of  general  culture.  They 
have  a  greater  significance.  Tiicse  subjects  bear  directly  upon 
the  political  problems  which  confront  the  [>eople  of  the  United 
States — ^problems  which  the  industrial  revolution  of  the  present 
century  have  made  prominent,  and  which  the  almost  incredible 
industrial  development  of  the  last  half  of  the  present  century  is 
making  daily  more  complex  and  difficult  of  solution.  If  republican 
government  in  the  United  States  is  to  solve  these  problems  !t  will  be 
due  to  the  wisdom  of  the  people  who  established  that  government 
and  of  those  who  now  and  in  the  future  snp[»ort  and  maintain  it. 
For  this  what  is  nci'dtnl  is  a  good  ritizenship;  it  is  tx^lieved  that  tho 
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serious  study  of  the  courses  in  this  department  helps  to  produce  such 
a  citizenship. 

With  these  facts  in  view  instruction  has  been  given  during  the  past 
year.  In  the  course  in  general  history  it  has  been  endeavored  to 
give  the  students,  not  so  much  a  great  number  of  unrelated  facts, 
as  a  more  or  less  comprehensive  view  of  the  whole  field  in  a  proper 
perspective.  An  especial  effort  has  been  made  to  impress  upon  the 
class  the  fact  of  the  unity  of  all  history,  and  to  illustrate  this  unity 
by  enforcing  upon  the  minds  of  the  students  the  way  in  which  each 
so-called  period  of  history  is  an  outgrowth  of  the  preceding  periods, 
and  has  its  roots  deep  in  the  past.  In  a  word  the  aim  has  been  to 
make  the  student  see  how  the  world  in  its  political  organization  at 
the  present  time,  has  come  to  be  what  it  is  by  natural  process  of  de- 
velopment.    The  text  used  was  Fisher's  Outline  of  General  History. 

In  the  study  of  Political  Economy  a  double  aim  has  been  kept  in 
view.  By  following  Walker's  text,  an  attempt  has  been  made  to 
give  the  class  a  good  grasp  of  the  theory  of  society  as  organized  for 
the  production,  exchange,  distribution  and  consumption  of  wealth. 
The  text,  by  its  logical  construction,  and  clear  and  forcible  presenta- 
tion of  the  subject,  has  served  as  an  admirable  guide  in  this,  and  few 
departures  from  its  teachings  were  found  necessary.  The  work  of 
the  instructor  was  limited  for  the  most  part  to  elucidation  and  illus- 
tration. Beside  presenting  the  theoretical  side  of  the  subject  several 
questions  of  a  more  practical  nature  were  studied  in  the  light  of  the 
principles  which  the  study  of  the  science  as  a  whole  had  developed. 
In  selecting  these  questions  the  instructor  was  guided  by  the  desire 
to  present  to  the  class  those  subjects  which  would  be  of  greatest  prac- 
tical benefit  to  the  students  in  after  life,  e.  g.,  Taxation,  Money,  Bi- 
metallism, Banking,  The  Single  Tax  System,  etc.  These  questions 
were  presented  partially  in  lectures,  partially  by  text. 

In  the  Course  on  Constitutional  Law  the  attempt  has  been  made, 
first  to  make  clear  the  conditions  which  precedeed  the  government  of 
the  United  States  under  the  present  Constitution,  and  the  forces 
which  brought  about  the  change,  and  second  to  give  to  the  students  a 
firm  grasp  of  the  fundamental  principles  of  our  constitutional  law 
as  it  exists  to-day.  The  latter  purpose  occupied  most  of  the  term 
devoted  to  the  subject  of  Constitutional  Law  as  a  whole.  Reference 
to  and  comparison  with  the  principles  of  English  constitutional  law 
were  made  constantly.  Special  emphasis  was  laid  upon  those  liber- 
ties guaranteed  to  the  individual  against  the  Federal  government, 
and  those  guaranteed  against  the  State  governments.  In  view  of 
the  late  war  and  the  problems  with  reference  to  the  government  of 
dependent  territory  which  it  has  thrust  upon  the  United  States,  it 
was  thought  advisable  to  present  to  the  class  in  several  lectures,  a 
brief  re8um(5  of  territorial  administration  in  the  past,  and  of  the  prin- 
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cipal  Supreme  Court  decisions  which  deal  with  the  question  of  the 
status  of  territories  in  the  political  system  of  the  United  States.  It 
is  believed  that  the  members  of  the  class  are  able  to  discuss  intelli- 
gently public  questions  with  reference  to  .their  constitutional  as- 
pects. 

In  International  Law  the  object  has  been  to  present  to  the  claas 
aa  clearly  and  succinctly  as  possible  the  rules  governing  the  civilized 
nations  in  their  intercourse  with  each  other  in  peace  and  war.  For 
this  purpose  Woolsey's  book  has  been  used  with  frequent  reference 
to  the  somewhat  clearer  and  more  logically  arranged  work  of  Mr. 
Geo.  B.  Davis.  Throughout  the  term  constant  emphasis  has  been 
laid  upon  the  peculiarly  voluntary  nature  of  International  Law,  upon 
its  flint  characteristics;  and  the  attention  has  been  again  and  again 
called  to.  the  illustrations  of  the  subject  which  are  furnished  by  the 
present  day  intercourse  of  nations. 

All  of  the  above  work  has  been  required.  The  method  throughout 
has  been  the  text  book  method.  By  text  book  method  it  is  not  meant 
that  any  text  has  been  slavishly  followed,  or  any  author's  opinions 
accepted  without  question.  It  is  meant  merely  that  a  text  has  in 
each  course  been  assigned  to  the  class,  and,  with  few  exceptions, 
daily  recitations  have  been  required.  The  recitations  have  been  in 
the  nature  of  a  familiar  conversation.  It  has  been  the  aim  of  the  in- 
structor to  present  the  subject  treated  of  in  the  lesson  by  a  series 
of  questions.  The  questions  have  had  for  their  primary  object,  not 
the  ascertainment  of  what  the  students  have  memorized,  but  the 
careful  building  up  of  the  subject  in  its  logical  and  essential  features 
before  the  eyes  of  the  class.  Where  the  answers  elicited  or  the  text 
itself  have  been  deficient  or  confused,  the  instructor  has  attempted 
to  supply  what  seemed  necessary.  This  method  it  is  believed  has 
proved  successful  and  is  the  only  one  possible  in  these  courses.  The 
students  in  all  of  these  courses  have  shown  a  good  degree  of  interest, 
of  industry  and  of  faithfulness.  The  personal  attitude  of  the  stu- 
dents towards  the  instructor  has  been  without  exception,  courteous 
and  gentlemanly;  it  has  never  been  necessary  in  any  of  the  above 
classes  to  give  a  moment's  thought  to  the  question  of  discipline. 

Only  one  course  in  this  department  was  elective  during  the  past 
year.  The  subject  treated  was  the  Territorial  Development  of  the 
United  States  with  special  reference  to  its  constitutional  aspects. 
This  subject  was  selected  for  study  because  it  was  believed  capable, 
if  rightly  studied,  of  furnishing  the  student  with  a  background  for 
the  intelligent  consideration  of  the  questions  of  territorial  expansion 
and  government  which  the  late  war  has  made  prominent  and  vital. 
For  this  purpose  the  work  naturally  fell  into  two  divisions.  The  first 
part  of  the  course  was  devoted  to  tracing  step  by  step  the  growth  of 
the  United  States  territorially,  from  the  founding  of  the  English 
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colonies  until  the  present  time.  Here  the  whole  emphasis  was  laid 
upon  the  fact  that  the  United  States  has  been  an  expanding,  growing 
country  from  the  first — that  it  has  always  held  and  administered 
territories — and  with  each  step  in  this  process  of  growth  it  was  at- 
tempted to  make  clear  what  were  the  vital  forces  bringing  it  about. 
The  second  part  of  the  course  was  devoted,  to  the  constitutional  as- 
pects of  the  administration  of  the  territories,  and  this  second  half 
of  the  course  was  likewise  treated  under  two  heads.  It  was  first  at- 
tempted to  discuss  as  fully  as  possible  what  was  the  basis  in  Con- 
stitutional Law,  as  interpreted  by  the  Supreme  Court,  of  the  right  to 
acquire  and  govern  dependent  terri  tory,  and  second  what  has  been  the 
actual  practice  of  the  United  States  government  in  the  acquisition 
and  government  of  such  territory.  From  the  nature  of  the  subject 
no  text  book  was  possible,  and  in  some  parts  of  the  work  feven  sec- 
ondary works  were  not  to  be  had.  The  subject  was  presented  there- 
fore in  a  series  of  informal  lectures,  based  as  far  as  possible  upon  a 
study  of  the  sources  at  first  hand.  The  class  took  careful  notes 
throughout.  At  every  stage  of  the  work,  however,  the  members  were 
referred  to  the  sources  and  to  the  best  secondary  accounts,  for  work 
on  special  topics,  and  the  lectures  were  constantly  interrupted  for 
discussions  which  sometimes  occupied  the  entire  hour.  Formal  pa- 
pers were  sometimes  prepared  by  the  students,  and  frequent  review 
of  their  lecture  notes  was  tested  by  semi-monthly  written  examina- 
tions. It  is  believed  that  the  entire  class  has  a  good  knowledge  of 
the  history  of  the  expansion  of  the  United  States,  of  the  law  and 
practice  of  the  United  States  in  the  government  of  its  territory  in 
the  past,  and,  consequently,  a  firm  grasp  of  the  questions  involved  in 
the  possession  and  government  of  our  new  dependencies.  This 
course  has  been  of  value,  therefore,  not  merely  in  increasing  th'  gen- 
eral knowledge  of  the  students,  but  has  all  along  had,  as  one  of  its 
principal  aims,  the  direct  practical  advantage  on  such  knowledge. 

For  this  course  the  library  has  some  excellent  material.  The  de- 
bates in  Congress  and  the  Supreme  Court  repoi'ts  have  been  of  spe- 
cial help.  The  greatest  deficiencies  were  felt  to  be  the  following: 
(1)  There  is  no  complete  set  of  the  Statutes  of  the  United  States  in 
the  library,  though,  as  a  depository  for  the  goverament  publications,  ^ 
it  would  seem  that  such  a  set  should  be  here;  (2)  The  Supreme  Court 
Reports  are  not  complete.  There  are  in  the  library  126  volumes  of 
the  original  reports,  in  IM  books  of  the  L.  C.  P.  Co.  edition.  It  is 
believed  that  the  Department  would  be  greatly  benefited  could  these 
reports  be  completed  to  date.  (3)  Reliable  histories  of  the  States 
carved  out  of  the  old  Northwest  Territory,  of  Florida,  of  Louisiana, 
of  California,  of  New^  Mexico,  of  Oregon,  and  of  Alaska  would  have 
been  of  service  in  the  preparation  of  the  lectures  for  this  work 

On  tlu*  whole  it  is  believed  that  the  work  done  and  the  interest 
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shown  in  the  Department  of  Political  Science  and  History  during  the 
past  year,  clearly  demonstrate  the  value  of  such  work,  and  the  inter- 
est which  the  College  itself  has  in  its  future  development. 

Respectfully  submitted, 

CARL  BECKER, 
Instructor  in  History  and  Political  Science. 
State  College,  Pa.,  May  30, 1900. 
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IX.— INDUSTRIAL  ART  AND  DESIGN. 


To  the  President: 

Sir: — There  seems  to  be  but  little  that  is  new  to  write  concerning 
the  work  of  the  department  during  the  last  year.  It  has  steadily 
followed  the  prescribed  course  with  varying  degrees  of  success. 

The  number  of  students  taking  the  work  is  greater  than  that  of 
any  previous  year,  but  they  have  not  brought  so  good  an  equipment 
for  it,  which  has  made  the  work  more  labored. 

About  97  per  cent,  of  our  students  have  not  had  any  training  in 
Freehand  Drawing  when  they  enter,  and  a  large  proportion  of  those 
who  have  had  it  have  been  taught,  if  not  in  an  indifferent  way,  by 
instructors  who  have  had  poor  or  insufficient  training.  The  students 
have,  consequently,  established  habits  which  interfere  with  easy 
progress  until  overcome.  This  condition  of  affairs  necessitates  our 
close  adherence  to  elementary  work.  But,  as  careful  training  in  ele- 
mentary work  of  any  kind  is  of  the  greatest  value,  we  can  afford  to 
put  our  best  into  it,  hoping  to  develop  the  higher  with  comparative 
ease  when  the  opportunity  offers. 

We  have  hoped  to  have  the  work  of  the  department  partake  of  the 
nature  of  that  of  a  good  school  of  industrial  art — fostering  the  abil- 
ity to  do  with  the  hands  that  which  the  mind  suggests  of  all  that  is 
useful  and  beautiful;  which,  to  be  worth  while,  does  not  presuppose 
the  necessity  to  follow  such  work  as  a  profession,  for  it  will  prove 
of  much  value  to  the  men  and  women  who  use  their  hands,  and  will 
add  refinement  of  taste  in  every  direction  for  those  who  are  trained 
in  it. 

The  attempt  to  do  a  thing  brings  us  to  something  of  a  realization 
of  the  value  of  the  work  of  others,  for,  the  mere  onlooker  is  apt 
to  believe  things  are  easy  to  do  because  they  appear  so.  Proper  ap- 
preciation, then,  of  all  effort  is  what  the  world  craves,  the  individual 
longs  for. 

In  the  re-arrangement  of  the  work  for  the  year  for  all  courses,  it 
has  been  found  practicable  to  give  several  hours  per  week  in  this  de- 
partment, in  each  of  four  courses  in  the  second  session  of  the  Sopho- 
more year.  This  increase  of  time  should  improve  the  character  of 
the  work.    The  scheme  under  this  rearrangement  is  as  follows: 
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Sub-Freshman  Class. 


First  session — 5  hours  per  week. 
Second  session — 5  hours  per  week. 


Freshman  Class. 

First  session — 2  hours  per  week  for  all  except  Course  in  Agricul- 
ture. 

Second  session — i  hours  per  week  for  Course  in  Philosophy;  2 
hours  first  half  of  the  session,  4  hours  second  half  of  the  ses- 
sion for  Course  in  Agriculture;  6  hours  first  half  of  the  session, 
4  hours  second  half  of  the  session  for  Course  in  Biology. 


Sophomore  Class. 

Second  session — 3  hours  per  week  for  the  courses  in  General  Sci- 
ence, Latin  Science,  Classical,  and  Philosophical. 

Some  provision  is  also  made  for  elective  work  in  the  general 
courses  during  the  Junior  and  Senior  years,  and  if  these  courses 
prove  attractive  to  students,  I  should  be  glad  to  be  permitted  to 
outline  a  complete  course  of  study,  including  recitation  and  practi- 
cum  in  Industrial  Art. 

The  department  is  greatly  in  need  of  new  drawing  boards.  Those 
in  use  were  well-seasoned,  but  of  soft  wood,  not  such  as  draughtsmen 
require;  and  constant  use  for  nine  years  has  brought  them  to  a  con- 
dition unfit  for  designing,  which  involves  more  or  less  mechanical 
work;  and  tack  holes  and  dinges  furnish  a  very  indifferent  surface 
as  a  backing  for  any  drawing. 

The  curtains  need  replacing,  the  tables  redressing.  Walls  and 
floor  are  in  bad  condition,  the  result  of  nine  years'  wear  and  not 
abuse.  The  boards  will  probably  cost  about  |100,  but  |150  should 
pay  for  boards  and  put  the  room.  No.  274,  in  repair.  We  have  never 
had  a  filing  case  or  place  for  keeping  free  from  dust  the  drawings  of 
the  students  which  have  been  retained  as  illustrative  examples  of  the 
work  of  the  department. 

This  should  be  provided  at  the  earliest  possible  day.  Such  illus- 
trations are  especially  useful  to  students  just  beginning  a  course  in 
drawing,  besides  forming  a  creditable  collection  for  exhibition  at 
any  time. 

Respectfully  submitted, 

ANNA  E.  REDIFER. 

State  College,  Pa,,  June  1,  1900. 
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X.— LATIN. 


To  the  President: 

Sir:-r-I  have  only  pleasant  things  to  record  since  my  last  report 
and  but  one  regret — that  the  department  is  not  stronger.  The  nsual 
routine  work,  with  but  slight  variations,  has  characterized  the  last 
four  sessions.  It  has  been  good  in  intent  and  not  without  good 
fruits,  for  though  our  students  are  few  their  character  and  spirit  are 
good. 

The  work  of  the  Sophomore  Class,  for  the  session  now  closing,  has 
included  a  somewhat  wider  range  than  usual.  We  have  read  many 
of  Pliny's  letters,  some  of  the  best  of  Cicero's,  and  have  made  com- 
parison of  these  with  some  fine  English  and  other  examples,  such  as 
Cowper's,  Madame  de  S^vign^'s  and  others.  We  have  followed  up, 
to  some  extent,  hints  given  upon  contemporary  Boman  life  in  the 
days  of  the  Empire.  The  Tacitus  read  by  the  class  in  the  Fall  Ses- 
sion included  selections  from  the  History  and  the  Agricola,  together 
with  the  Germania  as  sight  reading.  The  De  OflBciis  of  Cicero,  read 
in  the  winter,  included  all  of  book  third  and  fully  one-half  of  book 
first. 

The  work  of  the  Freshmen  has  been  as  scheduled — Livy  in  the 
fall,  De  Senectute  in  the  winter,  and  Horace  in  the  spring  session. 
The  class,  during  the  winter,  nearly  completed,  in  the  class  room, 
the  entire  Cataline  of  Sallust,  which  was  read  at  sight.  Tn  Horace, 
selections  were  taken  freely  from  the  Odes  and  one  or  more  from 
the  Epodes,  Satires  and  Epistles.  The  peculiarities  of  Horace  were 
studied  and  each  ode  or  other  selection  was  studied  metrically  and 
scanned  orally.  The  increased  interest  of  the  most  intelligent  stu- 
dents shows  that  ''the  classics'*  so-called,  can  still  awaken  and  sus 
tain  a  profound  interest  even  in  the  reader  of  our  times.  The  thing 
recorded  here  with  most  pleasure  is,  the  fact  that,  at  length,  we 
have  been  able  this  year  to  formulate  a  full  classical  course  of  four 
years.  It  is  a  consummation  which  should  cause  deep  thankfulness 
to  those  who  have  the  interests  of  our  College  at  heart. 

It  is  consistent  to  suggest  at  this  time  how  such  a  course  may  re- 
ceive permanent  strengthening  and  assurance  of  growth. 

First,  by  keeping  the  requirements  for  entrance  as  high  as  they  are 
for  admission  to  any  college  in  the  land.  Let  it  be  understood  that 
no  student  can  enter  upon  the  Classical  Course  at  State  College  who 
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has  not  studied  Latin  at  least  four  years  and  G-reek  three  years. 
Or,  in  other  words,  let  it  be  understood  that  he  has  read  the  amount 
of  Caesar,  Virgil  and  Cicero,  of  Xenophon  and  Homer,  or  their  equiv- 
alents, which  is  required  for  entrance  to  the  best  colleges;  that  he 
must  be  able  to  read  easy  Latin  at  sight ;  that  he  has  had  four  years 
close  discipline  in  Latin  Grammar  and  three  year  in  Greek  Grammar, 
or  that  he  has  done  the  amount  of  work  in  those  studies  which  is 
usually  not  compassed  in  less  than  that  time;  that  he  has  had  Latin 
and  Greek  prose  composition  at  least  a  year  each;  that  he  is  fa- 
miliar with  Classical  Geography,  with  Greek  and  Roman  Mythology, 
with  Roman  History  in  its  elements  to  the  days  of  Marcus  Aurelius, 
and  with  Grecian  History  to  the  death  of  Alexander.  If  we  can  se- 
cure at  least  this  we  shall  lay  a  very  large  part  of  the  basis  of  a 
liberal  education  and  shall  pave  the  way  for  much  more  rapid  and 
varied  work  in  College,  the  pace  being  now  too  slow  because  of 
lack  of  elementary  knowledge. 

Second,  we  must  do  good  work.  The  direction  which  is  given,  the 
inspiration  which  is  aroused  must  be  as  good  here  as  it  is  anywhere. 
The  persons  in  charge  must  be  so  thoroughly  at  home  and  at  ease 
in  the  elements  of  what  they  teach  and  so  filled  with  material  that 
will  illustrate  and  enliven  what  is  taught  as  to  carry  authority  on 
all  matters,  small  and  great,  pertaining  to  the  work  prescribed  in 
their  department.  They  must  be  able  to  unravel  the  snarls.  They 
must  prove  that  the  hard  places  are  the  richest.  They  must  speak 
with  easy  masterfulness  on  all  matters  which  they  teach.  They 
must  be  much  more  than  schoolmasters.  There  are  magnificent 
under  currents  of  manliness  and  suggestions  for  culture  in  the 
(rreek  and  Latin  authors.  These  they  must  be  able  to  point  out. 
They  must  brush  the  dust  from  antiquity  and  burnish  it  until  they 
reveal  a  life  surpassing  the  best  among  the  moderns.  They  must 
help  the  eager  mind  to  understand  what  is  hardest,  teaching  it  that 
getting  the  ore  of  what  is  best  out  of  a  hard  passage  in  an  ancient 
classic,  while  it  is  attended  with  some  of  the  difficulties  that  await 
the  man  who  is  going  to  the  Klondike,  is  also  attended  with  the 
same  satisfaction.  If  that  is  not  gold  to  the  touch  or  to  the  sight, 
it  is  gold  to  the  thought,  which  is  far  better. 

Third,  we  must  keep  strengthening  the  course  and  gradually  add- 
ing to  our  means  of  enriching  it.  Our  library  is  now  very  helpful. 
The  mythological,  the  artistic,  the  geographical,  the  archaeological, 
the  historical  sides  of  our  work  we  have  already  good  means  to  illus- 
trate. We  are  adding  to  them  and  adding  wisely.  We  need  to  col- 
lect slowly  and,  as  we  can,  a  complete  set  of  Greek  and  Latin  texts. 
Such  a  set  is  constantly  needed  by  the  instructor.  Furthermore,  our 
faculty  is  composed  largely  of  .classically  educated  men.  Such  a 
library  would  be  found  in  frequent  use. 
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Fourth,  we  must  wait.  A  college  is  longer  lived  than  any  man. 
We  must  stand  on  the  ground  which  has  been  specified.  Great 
things,  things  that  have  durability  of  life  are  slow  at  the  start,  but 
in  the  end  we  have  the  elm,  the  oak,  the  olive,  the  sequoia.  Let  us 
build  with  a  slow  and  enduring  patience,  as  well  as  with  trutn  and 
spirit,  then  strength  will  come  to  the  department. 

It  is  a  department  which  should  strengthen  and  give  the  key-note 
to  all  the  work  of  the  College.  In  order  that  this  may  be,  the  head 
of  the  department  is  willing  to  do  all  possible,  and  from  what  he 
knows  of  your  own  attainments  in,  and  love  for  classical  studies,  he 
is  sure  it  will  be  no  fault  of  yours  of  we  do  not  soon  see  all  the 
barriers  burned  away. 

With  many  thanks  to  my  colleagues  and  to  yourself  for  another 
year  pleasantly  spent,  I  am, 

•  Respectfully  yours, 

BENJAMIN  GILL, 
Professor  of  Greek  and  Latin. 

State  College,  Pa.,  May  16,  1900. 
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XL— LIBRARY. 


To  the  President: 

Sir: — Three  factors  are  potent  in  determining  the  extent  and  the 
quality  of  the  influence  exerted  by  a  library. 

First,  The  number  and  nature  of  the  books  upon  its  shelves. 

Second,  The  facility  with  which  their  contents  may  be  consulted. 

Third,  The  richness  or  barrenness  of  the  mental  soil  with  which 
it  comes  in  contact. 

To  base  a  claim  for  approval  upon  the  number  of  books  acquired 
is  to  assert  that  they  who  read  *To  Have  and  to  Hold"  under  the 
shadow  of  the  "Narrative  and  Critical  History  of  America"  must 
be  blessed  by  some  adumbration  at  least  of  historical  truth. 

Yet  without  books  we  are  nothing,  and  the  library  has  shown  its 
appreciation  of  that  fact  by  adding  since  January  4,  1899,  2506  vol- 
umes. Of  these,  1,549  are  Government  and  State  publications,  304 
technical  books  for  use  in  the  various  departments,  and  the  small 
remainder,  works  in  history  and  general  literature.  Among  these 
are  twenty-eight  volumes  of  African  history  and  travel  purchased 
for  the  benefit  of  ihe  students  taking  part  in  the  debate  with  Dick- 
inson College. 

Of  the  department  books,  87  are  mechanical,  63  chemical,  52  min- 
ing, 46  civil  engineering,  46  electrical,  10  physical,  10  biological,  7 
mathematical,  5  botanical,  and  3  psychological. 

Three  hundred  and  thirty-seven  volumes  of  magazines  have  been 
bound  and  placed  upon  the  shelves  during  the  year,  including  98 
which  belong  to  the  engineering  department. 

The  library  has  been  fortunate  in  receiving  a  liberal  donation  of 
books  and  bound  magazines  from  General  Beaver,  and  has  also  been 
the  recipient  of  a  valuable  gift  of  books,  including  a  number  of 
bound  volumes  of  the  "Atlantic''  from  Professor  Alfred  Smith,  of 
Chicago,  who  is  an  alumnus  of  the  College. 

Some  valuable  additions  have  been  made  to  the  collection  of  refer- 
ence books.  Among  them  two  five  year  volumes  of  the  "American 
Catalogue,"  which  now  lacks  three  volumes  only  of  being  complete, 
"Warner's  Library  of  the  World's  Best  Literature,"  thirteen  volumes 
completing  the  set  of  "Appleton's  American  Encyclopedia,'  and  Lar- 
ned's  History  for  Ready  Reference." 

In  this  connection  I  would  oxjin^ss  my  earnest  desire  for  the  com- 
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pletion  of  the  English  "Dictionary  of  National  Biography,"  of  which 
we  have  now  only  nine  volumes. 

The  number  of  books  purchased  has,  of  course,  been  limited  by 
the  amount  of  money  at  the  disposition  of  the  library,  but  with  re- 
gard to  the  quality  I  may  say  that  expressions  of  pleasure  at  the 
selections  made  have  become  very  frequent  from  visitors  whose 
good  opinion  we  value. 

Such  expressions  help  to  reconcile  us  to  the  unspoken  protest 
in  the  face  of  the  student  who  wishes  to  read  Scott  or  Thackery  or 
Stevenson  and  must  be  denied. 

The  additions  have  been  largely  in  the  line  of  history.  Con- 
tinued effort  is  being  made  to  complete  the  sets  of  Governmen*  pub- 
lications, especially  to  obtain  the  earlier  issues,  some  of  which  are 
invaluable  in  the  study  of  the  history  of  our  country.  These,  as  far 
as  tliey  can  be  supplied  by  the  Document  Oflftce,  come  to  the  library 
as  a  Government  depository.  There  is  another  class  of  publications 
equally  desirable,  but  not  equally  accessible.  I  refer  to  the  issues  of 
historical  societies.  The  library  is  unable  to  obtain  these  by  gift 
from  the  societies,  and  I  make  the  suggestion  that  any  influence 
which  would  give  us  the  key  to  them  would  be  highly  appreciated. 

There  are  frequent  complaints  from  those  engaged  in  Historical 
study  that  the  library  is  deficient  in  reproductions  of  the  original 
sources  of  American  history.  The  only  collection  of  value  thus  far 
acquired  is  the  set  of  Stevens's  Fac  Similes  donated  by  Mr.  Carnegie 
which  is  now  completed  and  has  been  housed  in  a  case  suitable  for 
its  accommodation  in  the  reading  room  where  it  may  be  freelv  con- 
sulted. We  are  yet  without  the  "Jesuit  Kelations,"  and  our  re- 
sources for  original  research  are  in  all  directions  very  meagre. 

The  second  point  in  question,  the  facility  with  which  the  seeker 
and  the  thing  sought  may  be  brought  into  contact,  is  a  matter  upon 
which  much  thought  and  effort  have  been  expended.  The  library  of 
a  college  is  by  no  means  an  independent  agency.  Its  sphere  is  so 
far  co-extensive  with  that  of  the  department  class  work  that  it  can 
claim  little  single  handed  accomplishment.  It  is  therefore  its  en- 
deavor to  co-operate  as  helpfully  as  possible  with  the  other  educa- 
tional agencies  of  the  college.  Reference  lists  are  posted  for  the 
various  class  requirements,  from  Freshmen  briefs  to  Junior  debates, 
and  upon  every  imaginable  subject  from  Shakespeare  to  sugar.  We 
are  glad  to  note  a  more  intelligent  use  of  the  indexes  by  the  stu- 
dents, and  a  desire  on  the  part  of  some  of  them  at  least  to  handle 
them  independently. 

More  satisfactory  than  the  ability  to  help  is  the  fact  of  being  asked 
for  help. 

It  is  with  modified  pride  that  I  make  the  statement  that  never 
within  the  period  of  the  present  administration  has  so  much  been 
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expected  of  the  library  as  now,  never  have  so  many  wants  been  met 
or  so  many  left  unsatisfied.  Many  libraries  are  now  publishing  bul- 
letins containing  lists  of  books  purchased  and  also  reading  lists  upon 
special  subjects. 

The  name  of  our  library  has  been  placed  upon  the  mailing  list  of 
a  number  of  such  institutions  and  we  have  found  the  bulletins  of 
value  in  our  reference  work.  It  is  our  desire  to  issue,  when  there 
is  time  for  its  perparation,  an  occasional  bulletin  of  similar  char- 
acter which  may  be  of  use  in  exchange. 

It  is  our  constant  aim  to  make  the  catalogue  as  serviceable  as 
possible,  and  by  the  testimony  of  those  going  from  us  to  other  insti- 
tutions, or  vice-versa,  wo  judge  that  it  compares  favorably  with 
those  of  other  colleges. 

The  author  catalogue  has  been  recently  revised  with  a  view  to 
bringing  it  into  condition  for  copying  upon  larger  cards,  as  we  look 
forward  to  the  time  when  a  more  generous  endowment  will  make  this 
possible. 

The  third  condition  to  be  considered  is  one  for  which  the  li- 
brary is  not  responsible,  but  there  are  indications,  unmistakable  to 
a  close  observer,  that  the  interest  in  books  is  not  limited  to  those 
whose  perusal  is  necessary  for  the  preparation  of  prescribed  class 
work.  There  is  an  eagerness  for  the  coming  of  the  daily  papers  also 
and  an  intelligence  shown  by  the  students  in  discussing  their  con- 
tents that  would  justify  a  much  larger  expenditure  upon  newspaper 
subscription.    The  reading  room  has  at  present  only  three  dailies: 

The  number  of  volumes  now  in  the  library  is  16,511.  The  period- 
icals subscribed  for  number  9o.  A  number  of  book  reviewes  were 
added  to  the  periodical  list  at  the  beginning  of  the  year.  There  has 
been  a  frequent  call  during  the  winter  for  articles  on  astronomical 
subjects.  The -magazine  covering  this  field,  to  which  most  frequent 
reference  is  made  in  our  indexes  is  ^'Popular  Astronomy."  I  sug- 
gest that  it  be  included  in  our  list. 

The  average  daily  attendance  in  the  reading  room  during  the 
year  has  been  98.  The  largest  attendance  in  one  day  141.  Th(  loss 
of  books  during  the  year  has  been  less  than  usual;  that  of  the  en- 
gineering library  is  but  one  book  from  each  department. 

An  improvement  has  been  made  in  the  case  of  the  theses.  A 
record  book  has  been  purchased  in  which  each  thesis  is  entered  by 
author,  year  and  title,  and  an  index  has  been  prepared.  The  theses 
are  filed  alphabetically  in  pamphlet  cases  where  reference  can  be 
easily  made  to  them.  It  is  to  be  regretted  that  they  are  ntit  all 
provided  with  a  substantial  binding  of  a  sort  that  would  make  it 
possible  to  place  them  upon  the  shelves  and  make  them  a  part  of  the 
catalogued  library.    Many  of  the  early  theses  were  not  deposited, 
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and  we  should  consider  it  a  favor  of  any  alumnus,  who  has  his  thesis 
in  his  possession  and  has  not  deposited  a  copy,  would  send  one  to 
be  added  to  the  file. 

The  work  of  indexing  and  arranging  was  done  with  great  care  by 
Miss  MacDonald. 

The  pamphlet  portion  of  the  library  has  outgrown  the  limits  of 
the  room  allotted  to  it  and  has  overflowed  into  the  public  document 
room  where  it  must  soon  again  be  crowded  out  by  the  documents 
which  come  in  very  rapidly.  There  is  great  need  of  a  larger  sized 
room  devoted  entirely  to  this  purpose. 

Two  new  book  stacks  were  set  up  in  the  book  room  at  the  begin- 
ning of  the  college  year.  The  capacity  of  these  is  very  nearly  ex- 
hausted. 

Not  the  least  important  or  the  least  costly  of  the  things  re- 
quired in  the  library  are  the  furnishings.  The  carpet  in  the  read- 
ing room  shows  unsightly  evidence  of  much  wear  and  the  shades  have 
almost  lost  their  serviceability.  Shades  are  much  needed  also  in  the 
document  room,  where  the  strong  light  yellows  the  papers  there  on 
file.  Some  renovation  will  soon  become  imperative  unless  the  ac- 
quisition of  a  new  library  building  relieves  the  situation. 

I  wish  to  express  my  appreciation  of  the  consideration  shown  me 
during  the  year,  both  by  those  who  have  used  the  library,  and  by 
you  to  whom  I  am  responsible  for  its  care.  The  evident  purpose 
to  further  its  interests  in  every  possible  way  has  been  a  great  stimu- 
lus to  my  own  endeavor. 

My  acknowledgment  is  also  due  to  Miss  MacDonald,  my  Assistant, 
for  her  sympathetic  and  elBcient  co-operation. 

Respectfully  submitted, 

HELEN  M.  BRADLEY, 
Librarian. 

State  College,  Pennsylvania,  May  24, 1900. 
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XII.  —MATHEMATICS. 


To  the  President: 

Sir: — I  have  the  honor  to  present  the  following  report  for  tht-  De- 
partment of  Mathematics: 

The  jear  just  closing  has  been  marked  by  certain  changes  in  the 
work  of  this  department,  which  have  received  your  approval  in 
prospect  and  which  I  believe  give  promise  for  the  future. 

Before  referring  to  them,  however,  it  is  proper  to  say  that  the 
regular  classes  in  Mathematics  have  been  held.  The  same  division 
into  sections  was  maintained,  in  spite  of  the  fact  that  the  large 
number  of  men  entering  the  freshman  class  last  fall  made  some  of 
the  sections  so  large  as  entirely  to  overtax  the  board  room  at  our 
disposal.  It  is  not  unlikely  that  six  sections  may  be  required  in  the 
fall. 

The  work  of  the  instructors  in  mathematics,  has,  I  believe,  been 
faithfully  and  efficiently  performed;  and  with  less  interruptions 
this  year  than  last.  At  the  opening  of  the  College  year  Mr  N.  C. 
Riggs  was  engaged  to  do  the  work  done  by  Dr.  Benedict.  Mr. 
Riggs  has  shown  himself  to  be  faithful  and  efficient. 

The  new  schedule  of  studies  contains  certain  improvements  which 
affect  this  department.  The  courses  have  been  differentiated  from 
the  outset  with  special  reference  to  the  needs  of  a  student  taking 
a  technical,  a  general,  or  a  mathematical  course,  so  that  students 
will  receive  equivalent  but  not  identical  training  in  mathematics. 

The  high  standard  of  admission  is  very  wisely  retained  and  should 
be  made  to  include  Solid  Geometry  for  Engineering  Students  as 
soon  as  possible. 

Several  new  volumes  have  been  added  to  the  library.  The  need 
for  them,  which  has  been  very  great,  will  not  equal  the  use  which 
will  be  made  of  them.  It  is  to  be  hoped  that  it  will  soon  be  possible 
to  thoroughly  equip  this  part  of  our  work. 

In  closing  this  I'eport,  may  I  express  to  you,  Mr.  President,  my 
sincere  thanks  for  your  patience  and  consideration  for  our  work. 

Respectfully  submitted, 

J.  M.  WILLARD, 
Professor  of  Mathematics. 

State  College,  Pa.,  May  24,  1900. 


Digitized  by 


Google 


ANNUAL  REPORT  OF 


Off.  Doc. 


XIII.— MECHANICAL  ENGINEERING. 


To  the  President: 

Sir: — ^The  work  of  tbe  past  year  in  the  School  of  Ehigineering  has 
been  characterized  by  attainments  as  satisfactory  as  possible  under 
discouraging  conditions.  The  interest  shown  by  the  students  in 
their  work  has  been  marked,  and  the  efforts  put  forth  by  the  in- 
structors have  been  earnest  and  unflagging.  The  outcome  is  grati- 
fying and  surprising,  when  it  is  taken  into  consideration  that  the 
teaching  force,  already  doing  more,  or  as  much  as  should  be  ex- 
pected of  them  in  justice  to  themselves  and  their  work,  was  further 
reduced.  As  it  was  impossible  to  give  the  instructors  many  more 
hours  of  teaching  than  they  had  had  before,  this  reduction  in  the 
force  made  it  necessary  to  increase  the  sizes  of  the  sections  taught 
by  each  instructor;  in  some  cases,  notably  in  drawing,  making  them 
almost  twice  as  large  as  could  be  taken  care  of  properly. 

The  following  table  giving  figures  relative  to  drawing  and  shop 
work  (which  are  taken  by  all  students)  compiled  from  data  obtained 
by  personal  correspondence  with  the  Institutions  mentioned,  is  of 
interest  in  this  connection:' 


Institutions. 


Number  of 
students  in 
engrineering:. 


Cornell  University 

University  of  Cal 

Mass.  Institute  of  Technclogry.  .. 

Purdue  University 

Ohio  State  University 

University    of    Wis 

Iowa  State  College 

UAiversity  of  Ills..   

University  of  Mo.,   

The  Pennsylvania  State  College 

University  of  Minn 

University  of  Me 

University  of  Tenn 

Sheffield  Scientific  School 

Lawrence  Scientific  School 

University  of  Pa 

University  of  Kans 

Lreland  Stanford  University 

Washington  University,    

Case  School  of  Applied  Science. 
Colorado  Agricultural  College.   .. 

University  of  Vt.,   

Clemson  Agricultural  College.  .. 
N.  Dak.  Agricultural  College,  ... 
Md.  Agricultural  College.    


Instructors  In 


754 

15  to  20 

729 

4 

535 

4 

450 

4 

390 

5 

328 

311 

3 

287 

3 

214 

8 

209 

1 

208 

2 

195 

3 

192 

1 

190 

6 

189 

4 

161 

2 

156 

2 

148 

145 

106 

101 

72 

66 

81 

30 

Shop. 


Percentage  of 

engineering 

students 

in  total 

attentance. 


12 

83  1-8 

3 

2199-100 

6 

7 

42 

4 

82% 

7 

17 

3 

35  to  40 

4 

4 

10 

1% 

74  Col. 

2% 

24 

8 

60 

1                        8 

25 

83 

2 

15  Towne 

4   Univ. 

33 

3 

18 

44 

6 

5 

27 

2 

25 

4 

30 

2 

25 
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It  will  be  seen  that  no  institution  having  as  many  engineering 
students  as  The  Pennsylvania  State  College,  has  fewer  than  two 
instructors  in  drawing,  and  many  institutions  having  a  smaller  num- 
ber of  students,  have  three  or  four  instructors.  We  have  but  one 
and  he  is  obliged  to  give  instruction  in  other  subjects,  as  well. 

In  the  shop  work  the  disparity  is  even  greater  than  in  drawing. 
Out  of  twenty-five  colleges,  having  Engineering  Courses  which  in- 
clude shop  work,  not  one  has  fewer  than  two  regular  instructors, 
although  the  number  of  students  in  sixteen  of  them  is  smaller  than 
our  number  and  in  one  at  leAst  there  are  but  thirty.  Our  shops 
are  given  one  instructor  and  a  quarter,  one  regularly,  and  one  taken 
from  the  working-plant  force  of  the  Institution.  About  one-fourth 
of  Mr.  Eraerick's  time,  as  much  as  he  can  spare  from  his  regular  work, 
is  given  to  this  instruction,  and  probably  covers  all  that  he  is  pre- 
pared to  give.  Cornell,  with  less  than  four  times  as  many  engineer- 
ing students,  has  twelve  instructors — about  eight  times  as  many  as 
we;  Purdue,  with  about  twice  as  many  students,  has  seven  instruc- 
tors— over  four  times  as  many  as  we;  Ohio,  with  less  than  twice 
as  many  students,  has  four  instructors — three  times  as  many  as  we; 
Maine,  with  195  students,  has  three  instructors;  Case  School  of 
Applied  Science,  with  106  students,  has  six  instructors;  Tennessee, 
with  192  students,  has  three  instructors;  Wisconsin,  with  S28  stu- 
dents, has  seven  instructors;  University  of  Minnesota,  with  ITS  stu- 
dents, has  two  and  one-half  instructors;  The  Pennsylvania  State 
College,  with  209  students,  has  one  and  a  quarter.  Not  one  of  these 
schools  gives  a  more  extended  shop  course  than  ours,  unless  it  be 
the  Case  i^^chool  of  Applied  Science. 

Permit  me  to  say,  at  this  point,  Mr.  President,  that  these  com- 
parisons are  not  made  in  a  spirit  of  criticism  or  complaint.  It  is 
well  understood  that  the  work  has  been  afforded  the  best  conditions 
possible,  under  the  circumstances.  However;  I  believe  that  it  is 
important  that  the  effect  to  be  anticipated  as  a  result  of  our  limited 
circumstances  be  fully  recognized  at  this  time. 

The  institutions  quoted  are  among  those  with  which  we  have  to 
compete.  With  smaller  teaching  force  than  the  least  of  them, 
we  must  do  the  same  work  and  do  it,  too,  with  students  who  come 
to  us  less  well  prepared  for  c  ntrance  than  those  of  many  of  the 
similar  schools.  ()u  this  account  we  should  be  able  to  give  more, 
rather  than  less,  personal  attention  to  our  men. 

The  number  of  our  engineering  students  is  greater  now  than  it 
has  ever  been  before,  and  unless  there  should  be  a  decid(»d  falling 
off  in  the  coming  year,  it  will  be  impossible  to  give  the  instruction 
the  courses  provide  for,  with  the  present  teaching  force. 

Next  to  favorable  conditions  of  admission  and  teaching  force,  the 
rank  of  an  Engineering  Institution  depends  upon  equipmeuL     In 
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order  to  keep  our  stock  on  hand  in  good  condition  and  to  idd  the 
appliances  which  will  familiarize  our  men  with  the  latest  and  best 
invention  and  usage  of  the  times,  it  is  essential  that  a  considerable 
fund  be  devoted  annually  to  this  end.  During  the  past  two  years 
there  has  been  no  appropriation  for  this  purpose  and,  though  the 
laboratories  have  not  deteriorated  seriously  in  that  time,  it  will  be 
impossible  to  keep  them  up  to  the  requirements  of  the  work  through 
a  longer  period. 

We  have  secured  an  enviable  reputation  in  our  engineering  work, 
and  in  order  to  maintain  it  we  must  do  work  that  will  compare  fa- 
vorably with  that  of  other  institutions.  We  have,  perhaps,  been 
holding  our  own  in  the  immediate  past,  but  it  is  essential  that  we 
do  more  than  maintain  the  past  standard.  It  must  be  borne  in 
mind  that  if  we  do  not  steadily  advance,  there  is  sure  to  be  a  retro- 
gression, a  condition  which  I  do  not  believe  that  this  institution 
can  afford  to  permit  in  her  Engineering  School. 

Because  of  the  natui^e  of  its  founding,  because  of  the  character  of 
its  large  and  valuable  equipment,  and  because  of  the  needs  of  the 
young  men  of  Pennsylvania,  this  is  and  must  continue  to  be  in  the 
main  a  technical  institution.  The  rapid  development  of  manufactur- 
ing industries  has  caused  calls  for  engineering  graduates  to  be  more 
imperative  to-day  than  evdr  before  and  the  time  has  arrived  when 
the  industrial  world,  quite  as  urgently  as  the  professional,  demands 
the  thoroughly  trained  worker.  It  is  recognized  that  progress  and 
development  depend  upon  his  effort.  Where  there  was  formerly  one 
man,  fitted  by  natural  aptitude  and  years  of  experience,  to  develop 
a  given  line  of  work,  the  technical  institution  now  provides  many, 
and  the  consequent  activity  and  competition  have  brought  about  not 
only  greater  proficiency  in  every  direction,  but  the  opening  of  new 
industries.  The  Engineering  School  of  The  Pennsylvania  State  Col- 
lege has  received  more  calls  for  men  this  year  than  ever  before. 
The  importance  and  responsibility  of  the  positions  which  are  filled  by 
her  graduates  may  be  appreciated,  in  some  measure,  from  a  glance 
at  some  of  the  titles  they  hold.  Among  them  are  general  managers, 
managers  and  superintendents  of  light  and  power  plants,  signal 
engineer  for  railroad  company;  pneumatic  and  electric  signal  erect- 
ing engineers;  heating  and  ventilating  engineers;  chief  draughts- 
man for  railroad  company;  superintendent  of  wires;  inspectors  of 
conduits  and  cables;  erecting  engineers  for  machine  builders;  con- 
sulting engineer;  expert  engineer  for  manufacturing  firms;  tool 
manufacturer;  mining  engineers,  designers  and  draughtsmen  of 
various  degrees  from  chief  down;  engineer  in  charge  of  motive  power 
for  railroad;  engineer  for  telephone  and  telegraph  companies;  engin- 
eers for  railroad  company,  for  land  company,  for  cement  company; 


Digitized  by 


Google 


No.  21.  THE  PENNSYLVANIA  STATE  COLLEGE.  71 

foreign  representative  for  an  automobile  company;  editors  of  en- 
gineering papers;  professors  of  engineering,  etc.,  etc. 

A  farther  idea  of  the  value  of  their  services  may  be  gained  from 

the  fact  that  many  of  our  younger  men  are  receiving  salaries  ranging 

.    from  f  1,200. 00  to  )>3,500.00  and  at  least  one  alumnus  of  no  more 

than  thirteen  years'  standing  was  recently  called  to  a  position  at 

f  13,000.00  a  year. 

Although,  as  has  been  said,  the  Department  of  Mechanical  En- 
^  gineering  has  been  short  in  quantity  of  help,  it  has  not  been  lacking 
in  quality.  Of  my  assistants  it  may  be  permitted  me  to  say,  I  trust, 
that  during  the  past  year,  I  have  been  impressed  with  the  increase 
in  wisdom  and  facility  which  has  come  to  them  with  passing  years. 
So  far  as  improvement  in  the  work  of  the  department  is  dependent 
upon  their  efforts  that  improvement  is  apparent.  The  thoroughness 
of  the  general  training,  the  excellence  of  the  methods  pursued,  and 
the  nicety  and  correctness  of  finish  in  all  preserved  work  mast  be 
evident  to  the  most  casual  observer,  if  he  but  devote  sufficient  time 
and  attention  to  inspect  the  results  which  have  been  attained  dur- 
ing the  past  year.  In  shop  and  laboratory  work,  in  drawing  and 
design,  an  unusual  enthusiasm  and  zeal  on  the  part  of  the  student 
have  attested  the  devotion  and  skill  of  the  instructor. 

The  course  of  study  is  conducted  on  practically  the  same  lines  as 
those  presented  in  previous  reports,  though  improvement  in  meth- 
ods and  means  is  continually  sought  and  attained.  The  effort  is 
made  to  provide  for  the  applicant  for  the  degree  in  Mechanical  En- 
gineering, a  comprehensive,  practical  and  available  education,  such 
a  course  of  study  as  should  enable  him  quickly  to  adapt  himself  to 
the  requirements  of  business  life,  and  at  the  same  time  afford  him 
an  impetus  toward  further  expansion  of  his  powers.  If  his  growth 
is  to  end  with  his  college  education  his  time  has  been  ill  spent.  That 
success  has  attended  this  aim  to  prepare  men  for  future,  as  well 
as  present  development  may  be  seen  from  a  review  of  the  records 
of  graduate  students.  It  may  be  said  without  exaggeration  that, 
taken  as  a  whole,  they  are  a  set  of  men  of  sterling  worth  and  excep- 
tional ability. 

An  especial  effort  is  being  made  to  keep  in  close  touch  with  the 
alumni  of  the  department.  By  the  present  method  of  communica- 
tion with  them  we  are  not  only  kept  acquainted  with  the  character 
of  the  work  engaged  in,  but  with  all  questions  of  importance  relat- 
ing to  it.  Having  learned,  by  this  means,  the  kind  of  experience 
they  have  had,  the  salary  and  other  conditions  of  their  present  em- 
ployment, and  the  circumstances  under  which  they  might  desire  to 
make  a  change  of  position,  it  is  anticipated  that  it  will  frequently 
be  possible  to  assist  theni  to  secure  more  promptly  the  kind  of  work 
for  which  they  are  best  fitted.    It  is  interesting  to  note,  in  tljis  con- 
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nection,  that  a  State  man  who  is  already  established,  is  always  glad 
to  employ  or  recommend  a  fellow  alumnus,  and  the  result  is  that 
in  almost  all  business  centers  or  large  firms  where  one  State  man 
has  been  employed  there  are  shortly  a  number  of  them  to  be  found. 

The  department  has  been  fortunate  in  being  able  to  secure  during 
the  past  year  or  two  some  valuable  additions  to  its  equipment  by 
donation.  The  Westinghouse  Air-Brake  Company  and  the  New 
York  Air-Brake  Company  have  each  presented  complete  sets  of  air- 
brake equipment  for  a  locomotive,  a  passenger  car,  and  a  freight  ' 
car. 

The  Detroit  Lubricator  Company,  the  Powell  Company,  the  Ameri- 
can Steam  Packing  Company,  and  others,  have  presented  samples  of 
their  products.  All  of  these  donations  are  excellent  experimental 
and  illustrative  appliances,  their  commercial  value  amounting,  prob- 
ably, to  about  $800.00. 


Apprenticeship  Course. 

After  mature  deliberation  on  the  subject  of  an  Apprenticeship 
Course  for  The  Pennsylvania  State  College,  I  desire  to  make  the 
following  recommendation:  That  an  xVpprenticeship  Course  in  shop 
work  be  offered  to  six  young  men,  the  applicants  to  be  not  less  than 
seventeen  years  of  age  and  to  have  such  preparation  as  would  en- 
able them  to  eijter  the  Sub-Freshman  class.  The  understanding 
with  these  applicants  to  be  that  they  would  be  given  a  full  shop 
course  with  some  drawing,  but  that  no  definite  order  of  work  would 
be  followed,  and  that  they  would  be  obliged  to  give  such  assistance 
from  time  to  time  as  might  be  called  for  from  them;  all  this  assist- 
ance, however,  to  be  in  line  with  their  apprenticeship  course.  They 
would  be  expected  to  spend  eight  hours  a  day,  at  least,  in  th(^  shops, 
and  should  be  accepted  only  in  case  it  is  their  purpose  to  continue 
the  work  a  year  or  more.  No  fees  should  be  charged  them,  as  their 
services  would  be  of  sufficient  value  after  a  short  time  to  compensate 
for  materials  used.  Their  selection  to  be  by  competitive  examina- 
tion, those  having  the  better  preparation  being  given  the  preference. 

With  such  apprentici^s  in  the  shops  much  repairing  and  building 
of  special  equipment  for  shops  and  laboratories  could  be  accom- 
plished at  a  minimum  cost;  general  assistance  in  the  preparation  of 
materials  and  other  work  could  be  given  by  them  to  the  regular  in- 
structors, and  after  a  certain  advancement  had  been  achieved,  aid 
might  be  had  from  them  in  the  instruction  of  classes.  Furthermore, 
I  believe  that  this  policy  would  be  helpful  to  the  regular  students  in 
their  relation  to  the  shop  work.  The  fact  that  the  shops  would  be 
continually  in  operation,  appliances  of  various  kinds  being  under 
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constractioD,  would  promote  ioterest  and  might  frequently  afford 
valuable  lessons. 

For  a  State  Institution,  in  addition  to  the  advantages  already  enum- 
erated, there  is  another  reason,  an  important  one,  why  some  such 
system  should  be  introduced.  We  have  a  considerable  equipment 
of  costly  appliances,  which  is  State  property,  here  for  the  sole  pur- 
pose of  giving  instruction.  If  this  equipment  can  be  used  to  give 
a  better  preparation  to  young  men  who  are  unable  to  go  to  College, 
for  their  work  in  life,  without  interfering  in  the  slightest  degree 
with  the  higher  educational  work  for  which  it  is  primarily  designed, 
it  seems  to  me  a  desirable  end  to  bring  about. 

It  is  possible  that  six  apprentices  would  be  too  large  a  number  to 
begin  with;  if  so,  this  number  might  be  reduced  to  four  or  three. 
Professor  Towle,  who  has  accomplished  so  much  in  our  shop  work 
and  who  has  had  wide  experien(*e  in  manual  training  and  manufac- 
turing, agrees  with  me  in  believing  that  the  introduction  of  such  a 
system  would  be  advantageous. 

Steam  Plant. 

As  the  current  expense  of  maintaining  the  steam  plant  is  neces- 
sarily  large,  it  is  exceedingly  desirable  that  everything  possible  be 
done  in  its  management  to  reduce  costs.  A  long  step  in  this  direc- 
tion might  be  made  hy  the  adoption  of  some  system  of  •automatic 
regulation  of  the  heat  supply.  Anyone  familiar  with  steam  heating 
appreciates  how  difficult  it  is  to  regulate  the  temperature  by  clos- 
ing and  opening  valves  by  hand,  and  that  it  consequently  is  more 
frequently  regulated  by  opening  windows.  It  has  been  estimated 
that  in  many  cases,  one-third  of  the  heat  of  the  fuel  is  wasted.  In 
the  small  dormitories  heated  by  a  large  system  the  loss  is  probably 
greater,  due  to  the  fact  that  even  with  close<l  radiators  the  heat 
reduction  is  not  sufficient  and  windows  must  be  opened  in  order  to 
make  the  temperature  bearable. 

An  automatic  system,  that  of  the  Johnson  Temperature  Regulat- 
ing Company,  was  installed  exj>erimentally  during  the  past  year, 
at  practically  no  cost  to  us.  but  at  considerable  cost  to  the  tirm,  in 
several  of  the  College  rooms.  This  sample  plant  has  demonstrated 
that  the  company's  guarantee  that  the  temperature  shall  not  vary 
over  one  degree  from  that  desired,  may  be  relied  upon. 

Through  correspondence  with  a  number  of  people  in  whos^  build- 
ings this  system  has  been  in  use  it  has  been  learned  that  in  aP  cases 
the  heat  regulation  has  been  eminently  satisfactory,  and  that  there 
has  been  a  probable  saving  of  thirty-three  and  one- third  per  cent. 
in  fuel.  The  saving  to  us  wo'ild  not  be  so  gn*at  as  it  wonid  not  af- 
fect the  heat  losses  in  transmission,  but  it  would  be  very  large. 
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Both  from  the  point  of  view  of  economy,  then,  and  from  the  gain 
to  be  had  in  conditions  conducive  to  health  and  comfort,  it  is  ex- 
tremely desirable  that  this  system  be  introduced  in  the  College 
buildings. 

The  introduction  of  coal  and  ash  conveyors  (described  in  past 
reports),  would  affect  the  further  annual  saving  by  reducing  the 
labor.  Estimates  of  the  cost  of  installing  these  devices  are  given  in 
a  supplementary  report. 

In  closing  this  brief  statement  of  conditions  relating  to  the  School 
of  Engineering  in  general,  and  the  Department  of  Mechanical  En- 
gineering in  particular,  permit  me,  Mr.  President,  to  thank  yon  for 
your  cordial  interest  and  sympathy. 

Respectfully  submitted, 

LOUIS  E.  REBER, 
Professor  of  Mechanical  Engineering.  ' 

State  College,  Pa.,  May  24,  1900. 
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XIV.— MINING  ENGINEERING  AND  GEOLOGY. 


To  the  President: 

Sir:  Allow  me  to  hand  you  herewith  a  report  of  the  Department  of 
Mining  Engineering  and  Geology  for  the  Collegiate  year  1899-1900. 

Few  events  have  transpired  and  there  is  little  of  interest  to  report 
other  than  to  indicate  the  opportunities  lost  because  of  the  enforced 
retrenchment  which  the  Department  has  been  compelled  to  adopt. 
The  meagre  allowance  to  the  Department  being  insufficient  to  pro- 
vide for  salaries  and  contracts  previously  made,  no  purchases  were 
concluded  other  than  those  absolutely  indispensable.  Outstanding 
bills  amounting  to  $45.70  were  paid.  The  expense  of  maintaining 
the  Assaying  instruction  reached  $147.82  for  the  present  Senior 
class;  1270.30  were  consumed  in  settling  the  accounts  for  printing 
the  Mining  Bulletin  and  announcements,  from  the  contracts  for 
which  we  were  released  by  the  publishers  as  soon  as  practicable. 
The  Department's  share  in  the  maintenance  of  Library,  Laboratories, 
and  care  of  rooms  for  the  year  was  |191.0o,  including  the  needed  re- 
pairs to  machinery  and  apparatus.  The  engagements  for  salaries 
and  field  work,  with  the  necessary  outlay  for  analyses  and  the  com- 
pilation of  reports  consumed  respectively  $3,942.72  and  $558.55. 
Some  of  these  items  are  of  prior  contracts  which  ave  no  longer  it 
force.  The  filed  work  and  reports  upon  the  building  materials  ot 
the  State,  for  example,  which  must  be  abandoned,  will  not  further 
enlarge  the  deficit.  Attempt  was  made  to  dispense  with  every  lab- 
oratory and  incidental  expense,  but  even  with  the  reduction  in  the 
teaching  force  the  maintenance  exceeded  the  allowance  for  the  year. 

The  work  which  formerly  had  been  performed  by  four  instructors 
was  reduced  to  the  compass  of  two  teachers.  The  retirement  of  two 
members  of  the  corps  being  accepted  with  extreme  regret,  not  only 
because  efficient  and  successful  teachers  were  dismissed,  but  be- 
caus  the  attention  of  the  remainder  of  the  corps  was  dissipated  over 
many  branches  of  instructional  work,  the  services  of  Dr.  F.  J.  Pond 
were  called  into  further  action.  He  assumed  charge  of  the  classes 
in  Metallurgy,  and  those  in  Crystallography  and  Mineralogy  were 
assigned  to  Dr.  W.  J.  Keith.  The  classes  were  conducted  as  formerly 
without  any  impairment  of  the  character,  scope  or  extent  of  the  in- 
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struction  in  the  several  subjects:  and  while  we  may  congratulate 
ourselves  in  having  had  these  gentlemen  to  aid  the  Depai-tment  in 
itJi  present  dilemma,  the  assignments  could  hardly  be  regarded  as 
other  than  temporary.  Faithfully  as  the  work  was  accomplished, 
still  it  must  be  without  the  enthusiasm  which  a  regular  employe 
might  display  in  planning  for  the  future;  the  result  inevitably 
must  be  detrimental  to  the  Department.  Such  a  transfer  of  teach- 
ing force  involves,  too,  a  duplication  of  curatorial  labor;  for  accord- 
ing as  the  scientific  or  economic  phase  of  the  subject  will  appeal 
more  strongly  to  the  teachers,  so  will  his  treatment  of  the  subject 
vary  with  that  of  his*  predecessor  and  a  redistribution  of  the  mu- 
seum materials,  be  made.  This  invites  considerable  labor  which  is 
repeated  by  the  next  incumbent.  Except  for  the  transposition  of  a 
few  subjects  in  the  curriculum  rendered  necessary  by  the  proposed 
division  of  the  collegiate  year,  there  were  no  changes  in  the  schedule. 

Liberal  contributions  of  blue  prints,  catalogues,  fossils  and  illus- 
trative materials  have  been  received  during  the  year  and  duly  ac 
knowledged.  If  room  could  be  had  for  the  placing  of  machinery  and 
apparatus,  it  would  have  been  possible  for  us  to  accept  a  number  of 
appliances  which  would  be  of  great  value  to  the  Department.  The 
number  of  exchanges  from  surveys,  societies  and  inspectors  have 
somewhat  diminished  since  the  discontinuance  of  the  publication  of 
the  Mining  Bulletin. 

The  summer  school  for  the  coming  season  will  be  held  at  Windber, 
Greensburg  and  Latrobe;  these  places  being  selected  as  central  for 
the  members  of  the  class  and  as  affording  the  widest  scope  of  in- 
formation for  the  service  of  the  two  ranking  sections.  The  authori- 
ties of  the  former  mine,  which  is  the  largest  in  the  world,  have  gen- 
erously extended  us  courtesies  beyond  our  expectations.  Last  sum- 
mer under  the  charge  of  Assistant  Professor  N.  W.  Shed,  the  classes 
visited  Pottsville,  Lebanon  and  Steelton,  studying  the  coal  and  iron 
industries  of  these  regions. 

During  the  past  year  more  than  a  hundred  applications  for  analy- 
ses and  opinions  have  been  received  and  replied  to.  The  increase  in 
the  number  of  these  requests  for  information  during  the  past  four 
years,  is  a  demonstration  of  what  has  been  claimed  in  previous  re- 
ports, i.  e.,  that  there  is  a  demand  for  such  information  and  that  the 
College  could  serve  the  citizens  and  industries  of  the  State  to  a 
very  marked  degree.  The  information  furnished  is  fruitful  of  re- 
sults in  exploration,  or  saves  the  inquirer  from  needless  expenditure. 
Every  dollar  wrested  from  the  soil  by  agricultural  or  deeper  mining 
efforts  contributes  to  the  welfare  of  the  nation,  and  increases  the 
circulation  of  the  materials  for  the  arts  and  conveniences  of  life. 
And  in  no  small  degree,  therefore,  does  the  effort  of  this  Department, 
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in  common  with  the  Agricultoral  Department  of  the  College,  aid 
in  the  circulation  of  Taloable  information.  >Cowhere  else  in  the 
State  is  located  any  official  to  whom  requests  for  information  or  ad- 
vice mav  be  submitted,  nor  anv  one  to  whom  may  be  made  appeals 
for  expert  aid.  And  it  is  appropriate  therefore  that  the  College 
should  become  the  authoritative  Bureau.  It  has  been,  however,  a 
matter  of  chagrin  that  the  Department  has  had  to  confess  its  ina- 
bility to  make  analyses  gratis  as  before,  or  even  to  prepay  postage, 
though  every  endeavor  was  made  at  all  times  to  furnish  other  in- 
formation as  complete  as  was  possible  with  the  means  at  our  hand. 
It  is  sincerely  hoped  that  this  embarrassment  may  be  spared  us 
during  the  coming  year.  It  is  inferred  that  the  coming  summer 
season  must  pass  by  without  any  effort  at  held  work  as  heretofore, 
aad  it  is  hoped  that  on  account  of  the  amount  of  data  which  has  ac- 
cumulated, it  will  not  be  deferred  long. 

It  is  possible,  of  course,  for  this  Department  to  continue  to  con- 
duct its  affairs  with  some  "measure  of  success,  upon  the  current  basis, 
with  the  present  e^iuipment  and  the  present  allowance  of  space,  but 
an  enlarged  appropriation  is  absolutely  essential  if  one  is  to  main- 
tain even  the  present  machinery  in  proper  condition.  And  more 
than  ever  has  this  fact  become  apparent  sinre  the  reduction  in  the 
teaching  force.  The  museum  and  laboratories  are  scattered  through 
four  buildings  on  the  campus  and  in  several  rooms  in  each.  Among 
these  the  instructors  must  circulate  in  maintaining  classes,  trans- 
fiorting  si»ecimens,  supervising  laboratory  work,  and  aiding  the  re- 
search work  of  the  upi»er  class  men.  While  this  was  somewhat  ef- 
fectively done  by  the  former  corps,  it  has  become  a  matter  of  serious 
inconvenience  to  the  present  instructors.  Being  the  last  comer,  the 
Department  of  course  must  accommodate  itself  to  whatever  room  is 
available;  nevertheless,  it  urges  a  recognition  of  its  needs  and  re- 
iterates this  request  for  sufficient  accommodations  consolidated  with- 
in one  building.  It  is  not  a  subordinate  Department,  but  has  a  scope 
of  work  instructional,  technical  and  industrial  that  requires  room  for 
its  growth. 

Notwithstanding  these  embarrassments  it  has  made  an  impress 
upon  the  welfare  of  the  State,  atid  has  a  goodly  share  of  attendance 
upon  its  course;  and  however  gratifying  it  may  be,  it  is  not  satisfac- 
tory, for  there  is  no  reason  why  this  Department,  in  this  College, 
in  the  greatest  mining  State  of  the  Union,  should  not  have  a  very 
large  attendance  of  students.  If  a  definite  appropriation  could  be 
made  for  it  permanent  and  secur?,  the  plans  for  its  expansion  could 
be  maintained  and  its  clientele,  impressed  with  its  permanency.  I 
can  speak  with  praise  and  commendation  of  the  excellent  work  of  my 
aids  in  the  Department,  and  also  of  the  cordial  assistance  afforded 
by  the  others. 
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Allow  me  to  extend  to  you  the  thanks  of  the  Instructors  in  our 
Department  and  of  myself  for  the  continued  encouragement,  ad- 
Fice  and  assistance  which  have  contributed  so  largely  to  our  ef- 
forts. 

Yours  very  respectfully, 

MAGNUS  C.  IHLSENG, 
Profesfi^p^  of  Mining  and  Geology. 
State  College,  Pa.,  June  1, 1900. 


Digitized  by 


Google 


No.  21.  THE  PENNSYLVANIA  STATE  COLLEGE.  79 


XV.— MODERN  LANGUAGES. 


(a)  GERMAN. 
To  the  President: 

Sir: — Much  of  this  report  must  necessarily  be  a  recapitulation  of 
the  work  as  done  and  reported  from  year  to  year  in  the  present 
regime  of  the  department,  covering  a  period  of  five  years,  during 
which  no  material  changes  of  courses  and  instruction  have  taken 
place.  There  is,  however,  one  gratifying  and  conspicuous  feature 
of  the  past  year's  work  that  deserves  special  mention:  it  is,  that 
within  the  range  of  our  observation  the  scholarship  and  moral  tone 
of  the  entering  class  have  never  been  so  excellent.  Out  of  a  class 
of  fifty-three  (53)  in  German,  only  five  (5)  failed  in  their  first  exam- 
ination. 

The  number  of  students  that  before  entering  have  had  German 
sufficient  to  be  regarded  as  equivalent  to  the  first  year's  work  in 
course  is  from  year  to  year  increasing,  indicating  that  the  time  is 
soon  coming  when  we  may  safely  require  one  year  of  German  for  ad- 
mission and  thus  make  room  in  this  subject  for  advanced  work  in 
all  courses.  Our  curriculum  for  the  engineering  courses  requires 
185  hours  of  prepared  work  in  French  or  German.  The  Massachu- 
setts Institute  of  Technology  requires  both  languages,  186  hours . 
in  each.  Cornell  requires  for  entrance  the  equivalent  of  our  entire 
course,  and  100  additional  hours.  These  facts  speak  for  themselves. 
It  is  earnestly  hoped  that  a  more  liberal  allowance  of  time  can  be 
made  for  these  subjects. 

A  few  words  on  the  importance  of  foreign  language  study  may  not 
be  out  of  place  here.  "Of  what  use  is  a  modem  language  to  the 
student  in  an  engineering  course  who  never  expects  to  go  abroad 
or  have  occasion  for  speaking,  or  even  using,  it  in  his  reading  at 
home?  Why  can  not  the  time  be  given  to  some  subject  in  science, 
for  example,  that  would  be  of  more  direct  value  to  him?"  These 
are  some  of  the  questions  under  which  a  large  percentage  of  our  stu- 
dents chafe. 

Foreign  language  study  strengthens  the  memory,  enlarges  the  re- 
sources of  expression,  requires  efforts  at  comparison,  discrimination, 
analysis  and  reflection,  calls  attention  to  the  meaning  of  words, 
helps  to  form  a  good  style,  widens  the  mental  horizon,  develops  aesr 
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thetic  tastes,  and  gives  a  broader  view  of  life.  It  furnishes  one  of 
the  best  possible  means  for  close  reasoning.  The  Report  of  the 
Committee  of  Twelve  of  the  Modem  Language  Association  makes 
this  statement:  ^^Grammatical  analysis  and  synthesis,  while  less 
mechanical  and  more  varied  in  their  operation  than  elementary 
mathematics,  are  nearly  or  quite  equal  to  it  as  a  means  of  inculcat- 
ing the  habit  of  accurate  ratiocination.''  It  is  generally  conceded 
by  educators  that  the  modern  languages  when  properly  taught  can 
furnish  mental  discipline  as  thorough  and  useful  as  can  the  ancient 
languages.  The  Report  referred  to  above  also  contains  this  state- 
ment: '^DiflBculty  can  not  be  the  highest  test  of  educational  utility, 
else  Latin  and  Greek  should  themselves  give  way  to  Sanskrit  and 
Chinese.  Evidently  it  is  the  goodness  of  the  kernel  and  not  the 
thickness  and  hardness  of  the  shell  that  we  are  mainly  to  think  of. 
The  kernel  is  the  introduction  to  the  life  and  literature  of  a  great  civ- 
ilized people,  whom  it  is,  for  some  reason,  very  important  for  us  to 
know  about.  And  it  may  properly  be  urged,  on  behalf  of  the  mod- 
ern languages,  that  just  in  proportion  as  they  are  easier  to  acquire, 
the  essential  benefit  of  the  acquisition  is  the  sooner  realized.  They 
give  a  quicker  return  upon  the  investment.-'  The  literatures  of 
France  and  Germany,  next  to  that  of  the  English  language,  have 
made  the  most  important  contributions  to  modern  civilization.  The 
profit,  therefore,  to  be  derived  from  the  study  of  such  literature  can 
not  be  denied. 

As  stated  in  a  former  report,  it  is  impracticable,  within  the  lim- 
its of  the  time  allotted,  to  accomplish  much  in  the  way  of  ac- 
quiring a  speaking  knowledge  of  a  foreign  language.  To  converse 
in  such  a  language  is  an  object  of  minor  importance  for  several 
.reasons.  In  the  first  place,  as  hinted  above,  such  an  accomplishment 
calls  for  very  much  more  time  than  could  possibly  be  given  in  a 
course  leading  to  a  degree,  which,  of  course,  includes  the  study  of 
other  subjects  besides  modern  languages.  Residence  abroad  or  with 
cultured  foreigners  at  home  is  the  only  practical,  successful  and 
speedy  method  for  this  end.  Then  again,  even  if  sufficient  time 
could  be  given  in  our  college  courses  for  this  purpose,  the  oppor- 
tunities for  continued  use  of  the  language  are  so  rare  that  in  the 
vast  majority  of  cases,  the  accomplishment  so  laboriously  acquired 
is  entirely  lost  through  disuse,  as  in  the  case  of  the  foreigner's 
own  tongue  after  long  residence  among  a  people  of  a  different  lan- 
guage. 

This  does  not  argue,  however,  that  the  spirit  of  the  language 
cannot  to  a  considerable  degree  be  imbibed,  even  within  the  narrow 
limits  of  the  time  allotted.  How  can  the  student  be  made  to  feel 
the  force  of  what  he  is  reading  without  going  through  the  mechan- 
ical process  of  translation?  This  is  the  chief  problem  which  the  de- 
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partment  has  been  trying  to  solve  in  its  present  administration,  and 
the  results  show  that  success  has  attended  the  eflforts  of  every  stu- 
dent who  has  faithfully  endeavored  to  do  his  whole  duty.  Space 
will  not  permit  more  than  the  merest  outline  of  the  methods  used  m 
the  case  of  German. 

Joynes-Meissner's  Grammar  forms  the  basis  of  all  grammatical 
work.  It  is  distributed  so  thinly  and  uniformly  among  the  185 
hours  of  the  engineering  courses  that  ample  time  is  given  for  ab- 
sorption and  practical  application.  After  a  lesspn  or  two  of  drill  in 
the  alphabetical  sounds  and  in  the  pronunciation  of  words  illus- 
trating them,  the  stndent  is  at  once  put  to  sight-reading  in  Guerber  s 
Marchen  und  Erzahlungen,  a  text-book  particularly  well  adapted  for 
the  purpose.  The  s»/ntences  are  short  and  simple,  the  words  to 
a  considerable  extent  correspond  in  form  and  meaning  to  the  Eng- 
lish, and  the  sequence  of  ideas  is  logical,  s6  that  the  student  grasps 
the  meaning  the  moment  he  prououn<*es  the  German,  and  becomes  in- 
terested from  the  start.  The  text  is  so  graded  that,  as  he  advances, 
he  meets  with  more  difficult  words  and  constructions,  which,  with 
his  accumulated  knowledge  of  preceding  passages  and  a  few  sugges- 
tions from  his  instructor,  he  can  readily  undei*stand.  This  exclu- 
sive sight-reading  and  translation  in  the  reader  is  continued  through 
20  recitations  and  is  accompanied  with  grammatical  drill  in  nouns, 
adjectives,  the  conjugation  of  haben,  sein,  and  werden,  and  with 
oral  and  written  translation  of  simple  sentences  from  English  into 
German  and  vice  versa.  SjMnial  emphasis  is  laid  on  pronouncing 
the  german  sentences,  one  at  a  time,  before  they  are  translated. 
The  omission  of  this  feature  is  considered  a  serious  mistake.  The 
ear  as  well  as  the  eye  should  be  trained  to  convey  impressions.  This 
practice  is  kept  up  persistently  throughout  the  entire  course  and 
goes  far  toward  the  acquisition  of  that  Sprachgefuhl  so  essential 
to  success  in  the  study  of  a  forei;rn  tongue. 

At  the  close  of  this  period  of  rxclnsive  sight  work  the  grade  of 
reading  text  reaches  such  a  degree  of  difficulty  that  assigned  prep- 
aration and  the  use  of  rlie  dictionary  become  henceforward  necessary, 
though  sight-reading  is  by  no  means  discontinued.  The  student  at 
this  stage  has  become  familiar  with  the  peculiarities  of  word  order, 
which  is  one  of  the  principal  difficulties  for  the  beginner.  The  mas- 
tery of  the  German  verb,  the  very  backbone  of  the  language,  forms 
the  chief  theme  of  class  drill  for  the  next  40  lessons,  Since  it  is 
chiefly  the  conjugated  veib  that  shifts  position  in  the  German  sen- 
tence, abundant  drill  is  given  in  exercises  like  this:  Translate  in 
every  tense  of  the  indicative,  *'A  bridge  is  being  built  across  the 
river.*'  Translate  the  sentence  similarly  in  the  interrogative  form; 
also  after  a  vrrb  of  saying,  thinking,  etc.,  introducing  the  clause  by 
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a  subordiDate  conjunction.  •  In  this  manner  the  three  different  verb 
positions  are  illustrated  and  every  variety  of  verb  construction  is 
treated,  such  as  weak,  sti'ong,  mixed,  modal,  pa«^ove,  separable 
and  inseparable  and  those  that  may  be  either;  those  requiring  sein 
and  those  haben;  those  requiring  a  modification  of  the  usual  trans- 
posed order;  and  those  with  dependent  infinitives  without  zu  taking 
peculiar  forms  in  the  perfect  tenses.  Thus  two  of  the  greatest  diffi- 
culties of  the  language,  the  verb  and  the  word  order,  are  thor- 
oughly mastered  in  the  early  stages  of  the  course.  This  largely 
explains  why  our  students  in  the  first  semester  of  the  second  year 
can  read  intelligently  such  difficult  literature  as  Beresford-Webb's 
Historical  German  Reader  and  Dippold's  Scientific  German;  and 
in  the  second  semester,  Freytag's  historical  novels  and  Schiller's 
dramas;  and,  during  the  Junior  year,  Goethe's  Faust  and  Lessing*s 
dramas,  more  than  half  being  read  in  German  only,  or  translated  at 
sight. 

By  the  time  the  student  has  reached  the  Junior  year  he  is  fully 
prepared  to  enter  upon  the  study  of  German  literature  as  such  and 
through  it  into  the  intellectual  life  of  other  times  and  of  another 
nation.  The  plan  for  study  at  this  stage  is  this:  In  the  case  of 
the  two  parts  of  Goethe's  Faust,  from  75  to  100  lines  are  prepared 
daily  for  good  English  translation  and  comment.  About  100  lines 
more  are  translated  at  sight,  and  some  are  read  without  translation 
when  the  meaning  is  clear.  Unimportant  parts  are  omitted.  Each 
student  is  provided  with  a  syllabus  of  questions  and  references  to 
other  works  bearing  on  the  subject.  These  questions  he  is  expected 
to  answer  from  his  readings  as  direct(Ml  by  the  instructor.  It  is  to 
be  regretted  that  this  feature  will  either  have  to  be  continued  only 
in  a  half  hearted  way  or  be  abandoned  altogether,  owing  to  the  serious 
lack  of  suitable  reference  books,  so  much  needed  in  this  work. 
The  department  of  modern  languages  can  no  more  be  expected  to 
develop  and  do  efficient  work  in  the  advanced  stages  of  the  course 
without  a  proper  equipment  of  books  than  can  the  civil  engineering, 
the  mechanical  engineering  and  the  chemical  departments  without 
their  instruments,  shops  and  laboratories. 

Grateful  acknowledgement  is  made  for  the  two  excellent  historical 
maps  that  were  procured  for  the  department  early  in  the  year. 

Respectfully  submitted, 

CARL  D.  FEHR, 
Assistant  Professor  in  Charge  of  the  Department. 

State  College,  Pennsylvania,  May  19,  1900. 
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(b)  THE  ROMANCE  LANGUAGES. 

To  the  President: 

Sir: — It  gives  me  great  pleasure  in  submitting  this  report,  to 
call  attention  first  of  all  to  the  renewed  interest  in  the  work  of  this 
branch  of  the  Modern  Language  Department.  The  classes,  this  year 
past,  have  been  muclv  larger  than  usual,  showing  that  the  value  of 
French  for  the  student  of  Engineering  is  being  recognized.  During 
the  fall  Session,  the  sections  were  so  large  as  to  crowd  uncom- 
fortably the  room  assigned,  while  throughout  the  entire  year  the 
seating  has  been  much  closer  than  is  compatible  with  good  work. 
It  is  to  be  hoped  that  this  difficulty  may  soon  be  obviated. 

The  work  with  all  classes  has  been  reorganized  this  year,  an  at- 
tempt being  made  to  form  more  comprehensive  and  systematic 
courses  of  study.  The  limitations  necessarily  attendant  upon  the 
brief  period  devoted  to  the  subject  by  the  Engineering  student  are 
recognized  only  too  well.  Consequently  it  has  been  the  aim  so  to 
arrange  the  work  that  every  recitation  period  may  count  for  the  most 
possible. 

Considerable  improvement  was  noticed  in  the  class  entering  last 
fall  with  regard  to  their  proficiency  in  the  elements  of  English.  Al- 
though their  knowledge  upon  this  subject  was  not  so  extensive  as 
a  college  man  should  have,  it  was  superior  to  that  of  many  previous 
classes.  Heretofore  much  valuable  time,  needed  elsewhere,  has  had 
to  be  spent  upon  the  fundamental  principles  of  our  own  language. 
Great  ignorance  has  been  and  is  yet  betrayed  concerning  parts  of 
speech  and  syntax.  More  rigid  requirements  for  entrance  in  prac- 
tical English  grammar,  or  a  thorough  course  along  this  line,  for 
Freshmen,  would  gi-eatly  assist  the  work  done  in  every  language  de- 
partment in  this  institution. 

The  course  for  the  Freshman  year,  which  is  the  same  for  the 
student  of  every  department  taking  the  language,  has  been  made  as 
practical  as  possible.  The  grammatical  side  is  emphasized  very 
carefully  that  a  good  foundation  may  be  laid,  but  enough  well  graded 
translation  is  brought  in  to  avoid  dryness  and  keep  up  the  pupil's 
interest.  A  great  deal  of  reading  in  the  original  is  done  to  familiar- 
ize the  student  with  the  sound  and  technicalities  of  the  foreign  words 
and  accents.  Frerjuent  translation  from  English  into  the  language 
studied  is  used  as  a  helpful  adjunct  to  facilitate  the  change  from 
one  idiom  to  another.  Sight  reading  is  also  aften  resorted  to,  as  a 
useful  method  of  testing  the  knowledge  already  gained.     By  means 
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of  conversation  used  as  frequently  as  possible  the  student  is  accus- 
tomed to  the  sound  of  the  strange  language  and  gaining  confidence, 
can  express  himself,  slowly  perhaps  at  first,  in  the  unfamiliar  tongue. 
It  must  be  borne  in  mind,  however,  that  no  claim  of  making  fluent 
conversationalists  in  French  is  advanced,  since  the  medium  necessary 
for  such  a  result  is  lacking  in  this  country  where  the  vernacular  is 
English. 

In  the  Sophomore  year  the  student  is  introduced  to  the  field  of 
history  and  science,  greater  stivss  naturally  being  laid  on  the 
latter.  Specimens  of  scientific  composition  of  all  kinds  are  used  in 
class  that  the  pupil  may  have  an  acquaintance  with  all  scientific 
vocabularies.  Review  of  the  grammar  is  also  taken  up  by  means  of 
composition  of  various  kinds,  and,  by  dictation*,  the  ear  is  trained 
as  well  as  the  eye.  A  thorough  course  in  letter-writing  is  given 
in  order  to  train  the  student  in  every  style  of  correspondence  from 
a  polite  note  to  a  technical  business  letter.  Although  an  attempt 
is  made  to  teach  every  phase  of  the  language,  it  must  of  necessity 
be  superficially  done  in  the  time  allotted,  and  it  is  hoped  that  ere 
long  the  study  of  the  Modern  languages  may  be  continued  through 
the  Sophomore  year  by  the  technical  students. 

In  the  last  session,  Sophomore  year,  when  the  classes  are  narrowed 
down  to  the  general  courses  the  work  takes  a  distinctively  literary 
turn.  A  thorough  knowledge  of  the  history  of  the  literature  is 
given  with  the  principal  epochs  and  the  epoch-making  forces  and 
writers.  Extracts  from  all  the  best  known  authors  of  later  cen- 
turies are  read  and  discussed  in  class  while  their  lives  are  commented 
upon  and  attention  called  to  their  influence  upon  the  literature  of 
their  country. 

The  work  in  Spanish  the  past  year  has  been  very  interesting  and 
inspiring.  There  has  been  a  greater  demand  than  usual  for  it  and 
two  classes  have  been  maintained,  one  beginning  the  language  and 
the  other  doing  advanced  study.  Both  have  shown  great  eagerness 
and  it  has  been  a  pleasure  to  work  with  them. 

An  effort  has  been  made  to  the  give  the  instruction  as  practical 
a  trend  as  possible  since  some  of  the  students  expect  to  be,  another 
year,  in  countries  where  Spanish  is  the  spoken  language.  Every 
method  has  been  tried  to  aid  the  pupil  in  his  progress.  By  mean^ 
of  copious  translation  from  Spanish  and  from  English,  the  language 
has  been  made  familiar  and  the  differences  between  the  two  idioms 
emphasized.  Enough  conversation  has  also  been  given  to  enable  the 
student  to  get  along  under  ordinary  circumstances  where  Spanish  is 
spoken.  Fluency  has  not  been  striven  for,  practicability  and  utility 
being  the  only  aim.  Scientific  works  of  various  kinds  have  been 
read  in  prepared  lessons  and  at  sight  to  giv(»  the  student  a  slight 
knowledge  of  all  technical  vocabularies.  With  the  increased  de- 
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mand  it  is  believed  that  this  course  will  fill  all  needs  and  meet  all 
expectations. 

Because  of  the  redivision  of  the  college  year,  a  rearrangement  of 
the  curriculum,  beginning  with  next  year,  has  been  necessary.  The 
work  which  so  naturally  fell  into  three  terms  must  now  be  done  in 
two,  but  no  confusion  is  anticipated  from  a  change  of  subject  in 
mid-term.  There  will  be  a  gain  of  time  in  the  loss  of  one  examina- 
tion, though  more  ground  must  be  covered  in  each. 

By  the  new  arrangement  the  general  student  gains  much  both  in 
French  and  Spanish.  He  can  now  continue  the  languages,  if  he  so 
desires,  through  the  Senior  year,  thereby  acquiring,  together  with  a 
broad  knowledge  of  the  literature,  a  comprehensive  view  of  the  his- 
tory of  the  languages  and  the  rules  governing  their  formation  from 
the  mother  tongue.  As  it  stands,  a  student  can  get  as  complete 
and  thorough  a  course  in  these  branches  in  The  Pennsylvania  State 
College  as  in  any  institution,  scientific  or  classical,  in  this  country. 
It  is  hoped  that  many  will  take  advantage  of  these  courses  as  the 
pursuit  of  either  or  both  combines  pleasure  and  utility  to  a  re- 
markable degree. 

In  the  advanced  work  great  need  of  reference  books  is  felt.  There 
is  a  dearth  of  French  and  Spanish  authorities  in  the  library,  and 
the  teacher  is  obliged  to  depend  upon  the  criticisms,  often  biased^ 
in  the  text-book  used.  The  Spanish  Dictionary  is  out  of  date  and  a 
reliable  one  should  be  purchased.  One  or  two  good  histories  of 
French  Literature  ought  to  be  on  the  shelves,  as  the  student  can- 
not afford  to  buy  for  his  own  use  a  complete  and  trustworthy  edition. 
At  present  no  reference  work  can  be  done  through  lack  of  the  nec- 
essary material,  and  it  is  hoped  that  this  diflflculty  will  soon  be  re- 
moved, as  much  progress  is  gained  from  this  kind  of  work.  Twenty- 
five  or  thirty  dollars  judiciously  expended  would  relieve  the  press- 
ing need  and  greatly  aid  the  instruction  given. 

Thanking  you,  Mr.  President,  for  your  unfailing  support  and 
helpful  counsel,  and  each  and  every  one  of  my  colleagues  for  their 
universal  consideration  and  courtesy,  and  my  classes  for  their  un- 
flagging devotion  to  duty,  I  am, 

Very  respectfully, 

IRVING  L.  FOSTER, 
Instructor  in  the  Romance  Languages. 

State  College,  Pennsylvania,  May  21,  1900. 


Digitized  by 


Google 


ANNUAL  REPORT  OP 


Off.  Doc. 


XVI.— PHYSICS. 


To  the  President: 

Sir: — The  topics  of  this  report  are: 

1.  Work  of  the  Department  for  1899-1900. 

2.  Condition  under  which  work  is  done. 

3.  What  is  the  proper  grade  of  work. 

4.  Physics  in  Education. 

1.  Work  of  Physics  Department  for  1899-1900. 

Tlie  several  courses,  1  to  8,  described  in  the  Catalogue  for  1898, 
9,  pages  GO  and  (Jl,  have  been  carried  on  during  the  College  year 
about  closing  in  the  following  classes  and  practicums: 

Fall  Session,  1899. 


Number 
students. 


Classroom : 

Electricity:   Gerard,    

Mechanics  and  Sound:  Hastiners  &  Beach, 

Theory  of  Light:  Preston 

Practlcum: 

Electrical  Measurements 

Physical  Laboratory,   

Physical  Laboratory 


m 

41 

4 

16 

8 

1 

6 

16 

4 

18 

10 

1 

Winter  Session,  1900. 


Hours       Number 
work,      students. 


Classroom : 

Heat:  Nichols,  and  Lectures, 

Light  and  Heat:  Carhart.    .. 

Light   (Short   Course) 

Practlcum: 

Electrical  Measurements.    ... 

Electrical    Measurements,    .. 

Physical    Laboratory 


48 

15 
6 

U 

1 
88 
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Spring  Session,  19Q0. 


Boui« ,     Number 
w«rk.      stud«nt8. 


Clftssroom:  ! 

Electricity:  Gerard. 16;  88 

EHectrlclty  and  Magnetism:  Hastings  &  Beach I             4    i  18 

Theory  of  Heat:  Maxwell,    4    ^  1 

Practlcum:  i 

Electrical   Measurements,    4    •  16 


Physical  Laboratory 4 

Physical  Itaboratory 8 


7 


The  numbers  of  students,  though  less  in  one  or  two  instances,  on 
the  whole  are  greater  than  last  year. 

The  work  in  all  the  courses,  classroom  and  laboratory,  has  been 
substantially  the  same  as  for  last  year — given  in  considerable  detail 
in  my  report  one  year  ago.  During  the  present  session,  to  prepare 
for  the  revision  of  courses  in  semesters  next  year.  Electricity  has 
been  given  six  hours  per  week  (instead  of  three)  and  Wave  Motion 
(three  hours  per  week,  same  class)  postponed  to  next  year:  and 
hereafter  this  latter  subject  will  regularly  come  one  year  later  in  the 
courses. 

Any  considerable  enlargement,  or  improvement,  involving  equip- 
ment, was  rendered  impossible  by  the  action  of  the  Legislature  and 
the  Governor,  which  left  this  Department  among  those  without  ap- 
propriation. As  this  condition  will  continue  during  another  College 
year  (practically),  we  shall  suffer  greatly. 

Fortunately,  arrangements  were  made  whereby  Prof.  Garver  re- 
mained during  the  year  and  I  should  greatly  regret  the  necessity  of 
losing  his  faithful  and  efficient  services. 

This  is  the  second  year  Mr.  E.  H.  Myers  has  served  as  assistant  in 
the  Physical  Laboratory,  his  greater  familiarity  with  the  work  and 
larger  experience  adding  to  his  efficiency  in  that  capacity.  I  shall 
be  glad  to  have  Mr.  Myers  continue  this  work,  if  he  desires  it,  next 
year. 

2.  Condition  Under  Which  Work  Is  Done. 

1  have  spoken  (in  January  Reports,  wherein  financial  matters 
belong)  of  the  economic  results  of  neither  having  at  any  time  in  the 
existence  of  the  Department  a  sufficient  appropriation  for  a  system- 
atic equipment  nor  a  certainty  of  any  annual  amount  for  a  period  of 
years  that  could  be  used  in  pursuance  of  a  definite  plan. 

Without  wearying  with  details  of  how  and  why,  I  wish  to  empha- 
size, by  distinct  statement  in  this  Academic  Report,  that  the  above 
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condition  has  also  had  very  serious  effects  on  the  work  done  in  the 
Department. 

For  the  sake  of  the  work,  even  more  than  for  the  financial  economy, 
it  is  very  desirable  thai,  if  possible,  provision  should  be  made  for  a 
considerable  equipment  at  once  and  a  certainty  of  some  annual 
amount  for  a  number  of  years  in  pursuance  of  a  definite  plan. 

The  past  twenty-one  years  during  which  this  has  been  a  sepa- 
rate Department  in  the  College  has  been  a  period  of  great  revision, 
even  of  revolution  or  re-creation,  in  Physics  teaching. 

The  great  discoveries  of  Henry,  Faraday,  Joule,  and  others;  the 
profound  researches  of  Maxwell,  Thompson,  Helmholtz,  and  their 
great  compeers  in  analytic  thought;  the  general  introduction  of  stu- 
dent laboratory  work;  the  enormous  expansion  of  applied  physics 
in  industries — ^these  have  so  wrought  upon  and  changed  the  founda- 
tions and  substance  of  Physics  and  the  relative  values  of  parts  there- 
of, that  it  has  almost  seemed  as  if  the  old  Physics  were  passed  away 
and  there  were  a  new  Physics  created.  But,  after  all,  there  is  a 
great  body  of  the  old  Physics  stajiding  fast;  though  the  foundations 
seemed  to  be  removed,  rather  they  were  but  lifted  a  little  more  out 
of  the  deeps  of  the  unknown  by  the  rising  into  the  sea  of  knowledge 
of  still  deeper  foundations.  It  is  safe,  I  think,  to  make  a  pretty  ex- 
tensive plan,  embracing  a  large  amount  with  assurance  that  it  will 
abide.  Of  course,  some  revisions,  changes,  and  continually  enlarge- 
ments, will  always  be  necessary;  but  it  scarcely  seems  possible 
that  another  such  revolutionary  revision  of  Physics-Teaching  can 
be  called  for  in  the  next  half-century,  if  ever  again. 

3.  What  Is  the  Proper  Grade  of  Work. 

It  is  assumed  that  students  come  to  the  work  of  this  Department 
prepared  in  the  Secondary  School  Physics;  and  we  endeavor,  even, 
not  to  accept  the  poorer  grades  of  that  work  without  some  supple- 
menting. 

But  necessarily,  the  School  Physics  embraces  but  a  limited  treat- 
ment of  each  of  the  main  divisions  of  Physics.  Any  one  of  these 
divisions,  without  going  to  a  higher  plane  of  principles  or  of  treat- 
ment, affords  matter  enough  to  occupy  all  the  time  that  we  can  give 
it  in  the  College  work. 

Shall  we  attempt  to  give  this  fuller,  more  complete,  body  of  in- 
formation on  the  given  subject?  Or  shall  we  give  an  introduction 
to  a  more  advanced,  i.  e.,  more  comprehensive  and  powerful,  method 
of  treatment  of  the  subject,  though  fewer  points  of  information  be 
thus  acquired? 

Considering  that  the  student  is  more  mature,  has  also  two  years 
more  of  mental  discipline,  and  about  two  years  of  mathematical 
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attainment,  it  seems  to  me  an  injury  and  an  injustice — especially 
hard  on  the  best  students — to  consume  College  time  in  acquiring  a 
large  store  of  details  of  information  which  any  High  School  boy 
might  acquire — however  valuable  the  information. 

Such  text-books,  or  such  a  treatment  of  any  subject,  should  be 
given  as  will  use  the  greater  mental  maturity  and  discipline  and 
mathematical  tools,  of  the  good  student  to  the  full  extent. 

Of  course,  those  whose  misfortune  or  whose  fault  it  may  be  not 
to  have  the  proper  mental  discipline  or  mathematical  training 
will  suffer  some  inconvenience,  or  failure.  But  they  can  acquire 
the  discipline  and  the  mathematics,  and  try  again.  On  the  other 
hand,  if  the  lower  range  of  work  is  used,  the  best  men  have  no  op- 
portunity to  do  the  work  of  most  benefit,  for  taking  the  lower  work 
a  second  time  would  only  double  the  injury. 

I  have  been  making  trial  of  what  grade  of  work  our  students  can 
carry.  Last  year,  this  was  interfered  with  by  a  change  in  the  order 
of  the  study  of  Elementary  Mechanics,  and  this  year  there  is  interfer- 
ence (apparently  necessary)  by  the  changes  required  to  enter  upon 
the  new  schedules  next  year.  The  former  of  these  interferences  has 
been  removed;  the  latter  exists  for  this  year  only.  But  there  is 
one  other  serious  hindrance,  which  I  hope  can  also  be  removed  in 
the  near  future;  namely,  the  lack  of  one  session's  work  in  one 
mathematical  subject.  The  greater  maturity,  the  two  years  addi- 
tional discipline  beyond  the  High  School,  and  two  years  of  mathe- 
matical study,  can  never  be  used  to  full  advantage  until  the  latter 
is  made  to  include  one  session  of  work  in  Calculus.  Roughly,  there 
are  two  grades  of  text-books  in  Physics,  or  more  fundamentally,  of 
methods  of  treating  the  subject;  one  involves  only  the  Algebra  and 
Geometry  of  the  High  School  or  so  much  of  Trigonometry  as  a  High 
School  boy  might  learn  in  a  few  hours;  the  other  involves  Analytic 
Geometry  and  the  first  elements  of  Calculus.  It  is  wrong  to  re- 
quire students  who  have  the  aditional  age,  the  discipline  of  study, 
and  the  additional  mathematics  (except  a  few  weeks'  work  in  Cal- 
culus) to  study  Physics  treated  by  the  lower  method;  for  the  study 
treated  by  the  higher  method  they  are  at  some  disadvantage.  This 
would  be  removed  by  requiring  Solid  Geometry  for  entrance,  thus 
bringing  Calculus  one  session  earlier.  It  is  very  desirable  that  this 
be  done  as  early  as  possible. 
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4.  Physics  in  Education.- 

To  estimate  and  assign  the  place  of  Physics  in  Education,  there 
must  be  a  true  conception  of  Physics  and  of  Education. 

The  nature,  extent  and  relations  of  Physics  are  but  imperfectly  un- 
derstood by  very  many.  -Many  think  Physics  a  single,  distinct  and 
limited  science — like  Botany,  Zoology,  Calculus,  or  Psychology.  If  we 
group  together  Botany,  Zoology,  Anatomy,  Physiology,  Histology,  and 
Embryology,  and  call  all  this  Biology,  we  shall  only  have  a  science 
of  such  rank  and  extent  as  to  be  co-ordinate  with  Physics.  Or  if 
we  group  together  Psychology,  Ethics,  Logic,  Aesthetics,  Politics, 
Philosophy,  and  call  all  this  Metaphysics,  we  shall  only  have  an- 
other science  of  co-ordinate  rank  with  Physics.  Or,  once  more,  if 
we  group  together  Arithmetic,  Algebra,  Geometry,  Trigonometry, 
and  all  the  forms  of  General  Geometry  and  Calculus,  and  designate 
all  this  Mathematics,  we  shall  only  have  another  science  co-ordinate 
in  rank  with  Physics. 

The  principle  and  the  truth  of  these  statements  are  shown  more 
clearly  in  the  following  chart: 


Entitles. 


Sciences. 


Genera. 


Spedet. 


Mind,     Metaphysics,. 


Lite Blcloffy, 


Enersry  and  Matter,  Physics,, 


Space  and  Time, 


Mathematics, . 


f  Psychology. 

Ilx^c. 

I  Aesthetics. 

i  Ethics. 

I  Politics. 

I  Philology. 

(.Philosophy. 

r  Botany, 
j  Zoology. 
I  Hlstoloery. 
•{  Anat(nny. 
I  Physiology. 
tEmbryoloery. 

f  Dynamics. 
I  Chemistry. 
I  Mlneralogry. 
\  Astronomy. 
I  Wave  Motion. 
I  Heat. 
(.Electricity. 

r  Arithmetic. 
I  Algebra. 
I  Geometry, 
-j  Trlgoncmietry. 
I  General  Geometry, 
t  Calculus. 
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The  great  entities  (below  the  Divine  Being)  known  to  us  are 
Mind,  Life,  Energy  (and  Matter),  and  Space  and  Time.  The  part  of 
certain  and  systematized  human  knowledge  that  is  concerned  with 
each  of  these  great  entities  constitutes  a  genus  of  science,  con- 
sisting of  a  number  of  particular  and  limited  sciences  as  species. 
Physics  is  a  genus;  and  its  species,  as  Dynamics,  Heat,  Electricity, 
etc.,  rank  in  order  with  Botany,  Zoology,  etc.;  with  Geometry,  Cal- 
culus, etc.;  with  Psychology,  Logic,  etc.  Indeed,  three  of  the  special 
sciences  of  the  genus  Physics  are  so  extensive  and  important  that 
they  are  generally  thought  of  as  independent  departments  of  hu- 
man knowledge — Chemistry,  Mineralogy,  and  Astronomy.  Yet  these 
are  logically  and  truly  only  special  sciences  belonging  to  the  generic 
science  Physics.  Chemistry  considers  energy  acting  on  molecules 
of  matter  to  change  their  constitution.  Mineralogy  considers  en- 
ergy giving  constitution  and  definite  forms  to  masses.  And  As- 
tronomy considers  energy  acting  on  very  great  masses  of  matter. 

Let  us  now  define  Physics;  and  please  remember  the  definition: 
Physics  is  the  science  of  energy  (and  matter).  This  definition  marks 
the  true  comprehension  of  Physics. 

Energy  has  many  forms  or  modes  of  acting,  known  as  forces.  It 
is,  in  some  form,  the  cause  of  all  the  phenomena  known  to  us,  save 
those  which  are  purely  vital  (if  there  be  such)  or  purely  mental.  So, 
all  phenomena,  save  those  of  life  and  of  mind,  are  physical  phenom- 
ena; and,  indeed,  almost  (if  not  quite)  all  the  phenomena  of  life  arise 
out  of,  are  accompanied  by,  and  result  in  some  action  of  energy,  or 
physical  forces.  Even  mental  action  always  calls  into  activity  phys- 
ical forces. 

The  knowledge  of  physics  is  fundamental,  and  is  therefore  indis- 
pensable in  all  great  departments  of  human  knowledge — ^possibly 
excepting  pure  Mathematics.  The  laws  of  Physics  control,  alone  or 
associated  with  those  of  Life  and  of  Mind,  all  things  of  which  we  have 
sensible  knowledge.  All  geological  actions  from  the  shooting  of  a 
crystal  to  the  shaping  of  a  continent  and  the  uplifting  of  mountains 
are  the  products  of  physical  forces  acting  under  physical  laws.  The 
flora  and  fauna  of  the  world  have  been  changed  time  and  again;  and 
these  changes  were  wrought  by  the  operation  of  physical  forces,  and 
can  be  interpreted  and  understood  only  by  physical  principles.  The 
laws  of  Physics  govern  the  tides,  the  winds,  the  meteors,  space-wan- 
dering comets,  and  the  eternal  stars  in  their  ordered  courses.  Their 
bands  are  thrown  about  far  Orion  and  hold  with  sweet  influence  the 
clustered  Pleiades.  Circulation,  absorption,  respiration,  locomotion, 
flight,  in  the  vegetable,  or  the  animal  world,  are  purely  physical  ac- 
tions. And  every  act  of  emotion,  volition,  or  thought,  in  brute  or 
man,  is  associated  with  molecular  movements  and  changes,  with 
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heat  and  electrical  action,  all  in  accordance  with  physical  laws,  and 
capable  of  being  studied  by  the  methods  of  Physics.  « 

To  repeat  the  thought,  and  sum  up  thus  far:  Physics  is  not  a 
special  science  with  a  limited  field.  It  is  generic,  and  its  domain 
extends  wherever  Energy,  in  any  form,  is  acting  upon  or  with  matter. 

Let  us  consider  briefly  the  importance  of  Physics  in  the  arts  and 
professions,  and  in  the  conduct  of  life. 

If  we  turn  to  the  ocean  with  those  who  "go  down  to  the  sea  in 
ships,"  the  knowledge  of  the  motion  and  force  of  currents  and  waves, 
of  the  buoyancy  and  equilibrium  of  ships,  of  the  movements  of  ves- 
sels through  water,  of  the  effect  of  the  winds  on  the  sails  or  the 
steam  on  the  piston,  of  approaching  tempests  and  the  laws  of  storms, 
of  magnetic  action,  of  methods  of  taking  latitude  and  longitude,  and 
the  whole  art  of  naval  construction,  seamanship,  and  navigation, 
are  but  applications  of  Physics. 

When  we  approach  the  land,  we  behold  the  triumphs  of  engineer- 
ing skill — the  light  house  on  storm  swept  reefs  defying  the  anger 
of  ocean  and  air  as  they  hurl  their  might  in  hurricanes  on  the  rock- 
ribbed  shores;  the  harbors  and  docks  which  shelter  the  navies  of 
the  world;  the  magnificent  bridges  under  whose  arches  flow  rivers 
that  drain  continents  and  carry  ocean  steamers;  the  tunnels  that 
pierce  the  rocky  cores  of  mountain  ranges;  the  mines  that  furnish 
the  metallic  basis  of  civilization;  the  railroads,  telegraphs  and  ma- 
chinery that  are  the  material  implements  of  science  and  of  civiliza- 
tion. It  is  true  that  "the  whole  employment  of  the  engineer  is  a 
continual  application  of  almost  every  branch  of  physical  science." 

In  war,  the  military  engineer  is  continually  using  the  tremen 
dous  energies  of  physical  forces.  Upon  his  knowledge  of  their  laws 
and  skill  in  their  use,  far  more  than  on  the  brute  weight  of  legions, 
depends  victory  or  defeat. 

The  architect  must  know  the  physical  properties  of  matter  and 
the  laws  of  action  of  forces,  or  he  can  execute  no  great  works. 
Walls  and  arches  and  domes  and  Kpires,  to  have  the  strength  which 
gives  security  and  the  elegance  which  gives  delight,  depend  on  the 
nicest  adjustments  of  strength  of  materials  and  equilibrium  of  forces. 

If  we  turn  to  what  are  called  professions,  it  would  seem  needless 
\o  speak  of  the  importance  of  Physics  to  the  physician.  All  the  bet- 
ter medical  colleges  now  require  a  considerable  knowledge  of  this 
science  for  admission  or  provide  for  its  study  in  their  courses.  He 
must  be  an  empiric  and  a  blunderer,  indeed,  who  practices  medicine 
without  a  thorough  knowledge  of  physical  laws.  The  animal  body 
is  a  marvel  of  physics.  All  its  structures  and  movements  embody 
and  employ  mechanical  and  dynamical  principles.  The  heart  and 
blood  vessels  are  a  hydraulic  mechanism  in  ceaseless  action.  The 
principles  of  pneumatics  govern  respiration.    The  larynx^and  tbe 
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ear  are  acoustic,  and  the  eye  an  optic  apparatus  of  the  most  deli- 
cate structure  and  wonderful  powers.  The  vigor  of  the  whole  or- 
ganization and  the  maintenance  of  life  are  dependent  on  heat,  light, 
electricity,  atmospheric  conditions,  properties  of  food,  that  can  be 
used  with  therapeutic  skill  only  by  those  versed  in  Physics. 

The  lawyer  who  is  acquainted  with  the  great  laws  which  govern 
the  material  world,  possesses  immense  advantages  over  the  one 
who  is  ignorant  of  these  in  all  suits  about  inventions,  machines, 
and  manufactures;  about  accidents  in  navigation,  or  on  railways, 
or  by  machinery;  and  about  disputes  growing  out  of  the  action 
of  winds,  or  floods,  or  electric  storms,  or  other  physical  agencies. 

If  the  clergyman  is  ignorant  of  the  principles  of  the  material  world, 
its  constitution  and  activities,  he  is  incapable  of  using  a  large  part 
of  the  evidences  of  the  power  and  intelligence  of  a  personal  God 
which  are  the  most  universally  intelligible  and  convincing  to  all 
men,  and  which  alone  can  be  used  to  persuade  those  who  are  doubt- 
ful of  the  authenticity  of  revelation.  He  is  poorly  equipped,  what- 
ever his  other  attainments,  to  meet  the  intelligent  skepticism  of 
to-day  who  has  not  a  fair  knowledge  of  Biology  and  Physics. 

Having  thus  briefly  reviewed  the  nature  of  Physics,  its  rank 
and  relations  among  the  great  divisions  of  human  knowledge,  and 
its  fundamental  and  universal  importance  in  the  affairs  of  life, 
Education  should  now  be  considered,  its  nature,  its  purposes,  the 
means  and  methods  employed.  A  discussion  of  the  nature  of  edu- 
cation would  lead  so  far  into  the  vast  field  of  psychology  that  it  is 
precluded  by  the  limits  and  scope  of  this  paper.  Indeed,  the  purposes, 
means  and  methods  of  education  are  much  more  important  in  this 
connection  than  the  ultimate  nature  of  mind  or  the  recondite  laws  of 
its  growth  and  activities.  Largely  and  briefly,  the  purposes  of  edu- 
cation may  be  divided  under  two  headings.  The  first,  the  larger  and 
truer  purposes  of  education  is  to  aid  the  growth  and  direct  and 
train  the  activity  of  mental  faculty  for  its  own  perfecting.  The 
second  purpose  of  education  is  the  acquisition  of  knowledge.  To 
these,  we  must  add  a  third  purpose,  which  has  become  very  promi- 
nent and  to  which  great  importance  is  attached  in  recent  times,  skill 
in  doing  useful  things.  The  emphasis  here  is  on  useful:  for  doing 
certain  things,  as  music,  painting,  etc.,  has  always  from  the  most 
ancient  times  been  held  to  be  educational,  that  is  in  the  stricter 
meaning  of  enriching  personality.  But  in  this  age,  specific  prepa- 
ration for  acquiring  skill  in  doing  things  that  are  useful,  in  the 
sense  of  earning  money  by  the  production  of  the  material  necessi- 
ties and  commodities  of  life,  is  included  in  education. 

Now  it  is  not  possible  to  accomplish  any  one  of  these  purposes 
exclusively.  He  who  is  gaining  skill  in  useful  craft  is  also  acquir- 
ing of  necessity  some  knowledge,  and  by  both  these  is  enlarging  his 
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own  being  in  some  degree.  He  who  is  ackuiriog  knowledge  is  of 
necessity  improving  mental  faculty. 

But  according  to  the  predominance  given  to  one  or  another  of 
these  purposes  will  one  or  other  means  and  methods  be  selected; 
or,  any  given  means  or  method  will  be  given  very  different  value. 

What  means  are  available  for  the  highest  purpose  of  education — 
the  growth  of  mind,  the  training  of  faculty,  the  production  of  the 
highest  perfection  attainable?    ^-Is  there  a  Hierarchy  of  Studies?'' 

Yes,  most  emphatically,  there  is.  Reason  affirms  it.  Experience 
confirms  it.  It  is  testified  by  the  ablest  and  most  experienced  edu- 
cators. Four  years,  or  any  other  period,  of  equally  strenuous  effort, 
is  not  of  the  same  value  whatever  may  be  the  subjects  studied.  Mind, 
and  Life,  and  the  physical  Universe  of  Energy  and  Matter,  and 
Space  and  Time,  all  are  products  from  the  same  origin,  inter- 
penetrated with  the  same  great  principles,  and  in  closets  inter- 
relation. Reasonably,  the  balanced,  fullest  growth  of  mind,  the 
most  vigorous  and  perfect  action  of  its  every  faculty,  to  the  end 
of  its  highest  being,  are  to  be  attained  only  by  a  due  relation  to 
all  its  environing  and  conditioning  correlatives.  A  good  educa- 
tion, in  the  true  and  full  meaning,  must  include  just  proportions  of 
the  four  great  generic  divisions  (See  Chart),  Mathematics,  Physics, 
Biology,  Metaphysics. 

Let  this  be  emphasized  by  negative  repetition:  There  cannot  be 
a  good  education  that  does  not  contain  a  due  proportion  of  each  of 
these.  There  may  be  great  acquisitions  of  knowledge;  the  second 
purpose  of  education,  a  necessary  incident  to  it,  and  often  con- 
founded with  it.  But  there  can  be  no  good  education  in  which  any 
of  these  generic  divisions  has  not  just  part.  A  good  education  can- 
not be  obtained  without  these  four  elements. 

Experience  confirms  this.  Look,  not  at  the  tedious  multiplicity 
of  detail,  but  with  general  view  along  the  history  of  education.  If 
in  any  place  or  age  there  has  been  an  institution  or  system  of  educa- 
tion that  included  but  one  of  these  four  grand  divisions,  it  has  not 
survived,  proof  it  was  not  the  ^^fittest."  The  surviving  educational 
system  of  the  foremost  nations  dates  bacl^  to  the  founding  of  the 
European  Universities.  Its  centuries  of  survival  certainly  prove 
a  great  degree  of  "fitness."  It  has  developed,  too,  another  proof. 
Let  us  ask  wherein  it  is  now  better  that  it  was  some  centuries,  or 
even  one  century,  ago.  Then,  two  of  the  four  fundamental  parts 
had  an  undue  proportion.  Mathematics  and  Metaphysics.  The  great 
improvement  of  Education  in  modern  times  in  the  bringing  up  to 
their  just  proportions  in  the  system  of  Physics  and  Biology.  Indeed, 
during  part  of  the  last  half  century,  there  was  a  strong  movement 
(not  yet  fully  spent)  to  give  Physics  and  Biology  undue  share,  especi- 
ally by  reduction  of  Metaphysics. 
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Looking  especially  at  Education  in  American  Colleges,  with  a 
history  and  experience  based  on  the  European  Universities  and  ex- 
tending over  more  than  two  centuries  of  independent  development — 
President  Oilman  of  Johns  Hopkins  gives  this  terse  summing: 

"The  experience  of  American  Colleges  has  shown  that  the  most 
available  as  well  as  most  efficacious  studies  in  a  liberal  course  of 
training  are  (a)  Mathematics,  leading  to  (b)  Physics  and  Natural  Sci- 
ence; and  (c)  Language,  leading  to  (d)  Political  and  Moral  Science." 
— ^North  American  Review  6-83,  P.  534. 

Mathematics,  Physics,  Natural  Science  (i.  e.  Biology),  and  subjects 
in  Metaphysics.  President  Oilman's  statement  of  what  experience 
has  confirmed  as  fittest  to  survive  in  American  Colleges  is  in  ac- 
cord with  our  four  fundamentals — its  cause  and  explanation. 

Physics  in  Education:  Clearly,  Physics  is  one  of  four  great  co- 
ordinate and  fundamental  parts  which  together  embrace  all  science, 
or  knowledge:  without  just  attention  to  which  there  can  be  no 
sound  education. 

When  it  was  said,  a  little  above,  that  the  standard  system  of  edu- 
cation which  has  survived  through  centuries  of  trial  has  been  made 
better  in  this  last  century,  it  was  not  meant  merely  that  a  new  kind 
of  information  was  added  or  greatly  increased,  that  more  knowledge 
of  physical  (and  biological)  laws  and  phenomena  was  included,  and 
that  the  educated  man  of  the  present  is  less  ignorant  concerning  the 
material  world  than  formely. 

The  improvement  is  this,  that  when  given  due  rank,  aud  therefore 
allotted  proper  time  and  effort,  the  study  of  Physics  exercises  the 
faculties  in  a  discipline  very  different  from  that  of  mathematical 
work,  or  of  the  linguistic  and  philosophic  work  of  the  Metaphysical 
division.  The  mind  itself  thus  exercised  is  different  from  what  it 
would  be  without  this  kind  of  discipline.  The  personality  is  dif- 
ferent, not  simply  because  of  a  different  stock  of  knowledge  on 
hand,  but  because,  fundamentally,  of  a  different  growth  of  mind  in 
response  to  this  special  line  of  activity  sufficiently  maintained. 

This  is  equally  true  of  Biology,  or  of  Mathematics,  or  of  Meta- 
physics— each  exercises  the  faculties  in  a  discipline  different  from 
that  of  the  others.  For  this  reason,  all  are  necessary  to  a  liberal 
education. 

It  is  an  important  question  what  amount  of  each  of  these  the  cur- 
riculum should  contain. 

It  is  manifest  at  once  that  no  student  can  become  proficient  in 
all  the  specific  sciences  under  the  four  generic  subjects.  Shall  a 
superficial  knowledge  of  all  these  be  demanded,  or  more  thorough 
work  in  a  few  species  under  each  genus?  The  peculiar  discipline 
which  the  proper  study  of  physical  science  gives  does  not  depend  on 
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cramming  an  encyclopaedic  quantity  of  scientific  facts.  "A  liberal 
education  requires  an  acquaintance  with  scientific  methods,  with  the 
modes  of  inquiry,  of  observation,  of  comparison,  of  eliminating  error 
and  of  ascertaining  truth,  which  are  employed  by  modern  investi- 
gators:''  and  above  all,  the  habit  of  mind  acquired  by  such  work. 
Such  an  acquaintance,  and  such  mental  habit,  are  best  attained  by, 
first,  the  acquisition  of  knowledge  and  the  training  derived  from  a 
study  of  the  elements  of  several  of  the  species;  and,  second,  the 
prolonged  and  thorough  study  of  some  one,  as  Dynamics,  or  Chem- 
istry, or  Heat,  or  Electricity. 

This  work  in  Physics  should  be  done  parti/  in  the  Secondary 
School,  partly  in  the  College,  and  completed,  if  may  be,  in  the  Uni- 
versity. 

In  the  elementary  instruction  in  Physics  there  should  be  as  full 
experimental  illustration,  of  a  suitable  character,  as  possible,  ac- 
companying thorough  study  and  drill  in  a  good  elementary  text 
book;  and  after  this  (or  partly  coincident)  some  experimental  work, 
at  least  partly  quantitative,  by  the  student,  in  the  laboratory.  So 
far,  much  importance  should  attach  to  the  acquisition  of  knowledge 
and  ideas,  physical  facts,  qualities,  phenomena,  and  a  correct  termi- 
nology. Howbeit,  the  training  and  discipline  of  method,  and  mental 
habit  are  beginning.  This  is  the  proper  work  of  the  High  School 
and  the  Academy. 

This  should  be  followed  by  the  study  of  a  text-book,  or  books, 
of  a  more  mathematical  rather  than  descriptive  character,  requiring 
a  relatively  less  amount  of  illustrative  experiment:  though  of  the 
very  great  value  of  such  lecture  experiments  as  are  proper  for  this 
work  there  can  be  no  question.  But  a  large  part  of  the  experiments 
most  valuable  in  this  grade  of  the  study  are  of  a  kind  that  cannot 
be  exhibited  profitably  to  a  class,  but  rather  require  individual  per- 
formance, with  time  and  opportunity  to  observe  the  conditions  and 
phenomena  to  make  suitable  adjustments  and  careful  readings  of 
measuring  instruments.  For  this,  the  first  college  grade  of  work  in 
Physics  study,  the  text-book  and  recitation,  with  due  illustrative  ex- 
periments, can  never  be  profitably  abandoned  for  the  lecture  method; 
in  which  the  student  gets  but  little,  in  accurate  and  useful  form,  unless 
he  spends  undue  labor  and  time  in  note  writing.  This  grade  of  the 
work  should  add  considerably  to  the  store  of  knowledge,  of  facts  of 
higher  order,  or  in  larger  relations.  But  relatively  much  greater  im- 
portance should  attach  to  the  distinctive  discipline  and  the  habit  of 
mind  accruing  from  scientific  methods. 

The  highest  grade  of  Physics  study  is  almost  purely  mathematical 
and  philosophical;  the  mathematical  and  logical  discussion  of  the 
data  obtained  by  observation  and  experiment;  the  obtaining  from 
these  of  laws,  and  from  these  again  the  forming  of  a  theory,  a  log- 
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ical  system  of  principles.  The  full  development  of  this  grade  of 
work  in  Physics  combined  with  original  research  is  university  work: 
nevertheless,  to  a  degree  and  in  a  manner  possessing  high  educa- 
tional value,  it  must  have  place  in  every  college  as  one  of  the  four 
indispensable  elements  in  a  balanced  liberal  education. 

On  this  subject  of  the  order  and  quality  of  the  work  and  the  best 
methods  in  Physics  in  Education,  the  views  of  Dr.  Mendenhall  are 
given  in  the  following  (much  condensed)  quotation.  Dr.  Menden- 
hall, now  President  of  Worcester  Polytechnic  Institute,  is  a  physicist 
of  ability  and  one  of  the  foremost  living  teachers  of  Physics.  He 
says,  in  substance,  "Teaching  should  be  accompanied — not  taking 
the  place  of  nor  surrendering  itself  to  it — by  experimental  work: 
quantitative,  by  the  student,  in  the  laboratory  and  illustrative,  on 
the  table  of  the  instructor.  It  is  not  a  matter  of  great  importance 
on  what  particular  department  of  Physics  a  student  shall  spend 
his  time*  and  strength.  The  underlying  principles  of  the  method  are 
common  to  all:  skill  in  one  begets  facility  in  the  others;  and  the 
discipline  of  any  one  is  the  same  as  of  any  other.  To  sum  up,  the 
Course  of  study  in  Physics  for  the  undergraduate  collegian  should 
include  a  sufficient  training  in  Mathematics  to  meet  the  more  com- 
mon physical  problems:  a  thorough  and  exacting  course  of  text- 
book work,  ■  applying  the  mathematical  ability  acquired,  and  illus- 
trated by  the  experiments  necessary  for  a  complete  understanding 
of  the  text:  and  a  course  in  the  laboratory  in  which  more  attention 
is  given  to  the  quality  than  to  the  (luantity  of  the  work  done;  during 
which  every  problem  is  discussed,  as  far  as  possible,  both  mathe- 
matically and  experimentally,  and  especial  attention  is  given  to  the 
discussion  of  the  results  of  experiment  and  to  the  elementary  x)or- 
tion  of  the  theory  of  errors." 

A  large  and  very  important  part  of  the  present  system  of  educa- 
tion is  Technological  Education,  or  as  commonly  called.  Technical 
Education.  This  is,  in  so  large  part,  in  the  State  Colleges  founded 
on  the  Land  Grant  Act  of  1862,  and  these  Colleges  are  so  nearly 
entirely  occupied  with  this  kind  of  work  that  they  may  be  taken  as 
its  exponent.  There  was  at  first,  for  some  years,  danger  that 
these  would  be  compelled,  through  popular  misapprehension,  to  be 
technical,  rather  than  technological,  schools,  that  is,  mere  trades 
schools  training  artisans.  Happily,  we  may  believe  this  danger  has 
passed. 

At  present,  the  following  is  the  status  of  the  typical  State-Na- 
tional College:  It  is  trying  to  put  into  four  years  (following  the 
Secondary  School),  an  education,  in  the  old,  true,  high  meaning  of 
that  term,  and,  a  preparation  for  technical  work  of  professional 
rank.    The  new  wine  would  scarcely  go  in  the  old  bottle;  so  the  bot- 

y ^21 1900  Digitized  by  V:iOOglC 


98  ANNUAL  REPORT  OP  Off.  Doc. 

tie  has  been,  partly  at  least,  made  over  anew;  and  the  question  is 
whether  the  old  wine  with  its  excellence  is  in  the  half-new  skin, 

I  have  watched  with  interest,  and  sympathetically,  this  attempt. 
The  effort  has  been  worthy  of  high  commendation,  and  has  ap- 
peared almost  successful  in  some  instances.  But  are  there  not  in- 
dications that  an  education  and  a  technological  preparation  cannot 
both  be  satisfactorily  compassed  in  four  years,  starting  from  the 
Secondary  School? 

Coming  to  the  more  immediate  subject,  of  course  the  very  great 
importance  of  Physics  in  Technological  Education  is  readily  granted; 
not  only  its  educational  value,  but  its  very  great  practical  value. 
And  yet,  there  are  strong  influences  operating  against  good  work 
in  Physics  in  the  Technological  Education  of  the  present  time. 
First,  a  large  number  (if  not  a  large  majority)  of  technical  students 
are  careless  or  even  impatient  of  education  for  its  own  sake  and  are 
eager  only  for  immediate  preparation  for  profitable  wort.  They 
ask  about  everything,  "Can  I  use  it,  directly,  in  what  I  am  going  to 
do?"  The  continued,  systematic,  logical  study  that  is  discipline 
and  education  is  irksome.  They  wish  simply  to  acquire  the  points, 
the  facts,  that  can  be  immediately  applied.  He  who  tries  to  hold  a 
class,  largely  of  those  who  have  this  mental  "habit,"  or  attitude, 
to  a  course  of  work  for  its  pure  science  and  its  educational  values, 
will  feel  that  "Virtue  has  gone  out  of  him." 

But,  .secondly,  are  there  not  occupants  of  the  chairs  of  Physical 
Science  and  of  Technology  in  some  of  our  institutions  who  encour- 
age or  confirm  this  idea  that  the  prime  object  of  the  student  should 
be  to  acquire  those  things  that  will  be  of  most  frequent  and  im- 
portant use  in  a  certain  technical  course? 

Thirdly,  the  attempt  (noticed  above)  to  put  an  education  and  a 
professional  training  in  four  years,  almost  necessitates  this  selec- 
tion of  important  practical  points  in  science  work  rather  than  a 
logical  and  disciplinary  order  of  study. 

Fourthly,  the  selection  of  a  specific  course,  Mechanical  or  Civil 
Engineering,  or  Chemistry,  or  Agriculture,  etc.,  at  the  very  begin- 
ning of  the  four  years,  makes  doubly  active  the  pernicious  mental 
habit  of  the  technical  student  to  view  everything  with  reference  to 
what  immediate  use  he  can  see  that  he  can  make  of  it  in  the  work 
he  has  chosen. 

Fifthy,  the  student  is  provided  in  some  at  least  of  his  technical 
work  with  text-books  that  are  favorable  to  this  sketchy  and  im- 
perfect work  in  science  study:  text-books  that  are  conglomerates, 
part  science  sketches,  part  technology:  just  the  points  of  the  sci- 
ence that  must  unavoidably  be  at  command.  This  kind  of  text- 
book may  be  necessary:  but  the  necessity  should  be  abated,  by  pro- 
vision for  proper  training  in  the  science,  training  of  ^o1^p^A<(§"[p 
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tional  and  scientific  value:  and  then  the  work  on  a  technical  sub- 
ject should  no  more  provide  the  (unprepared)  student  with  the  sci- 
entific points  than  it  should  contain  a  collection  of  the  mathematics 
to  be  used  in  it. 

These  are  some  of  the  influences  adverse  to  the  best  interests  of 
Physics  in  Technological  Education,  They  can  all  be  overcome, 
though  some  of  them  may  continue  a  long  time. 

Perhaps  the  most  fundamental  and  efficient  practicable  remedy 
is  that  embodied  in  the  following  diagram.  There  are  indications 
that  in  a  decade  or  two  such  changes  will  be  accomplished. 
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Probably  before  a  score  of  years  the  technical  institution  that 
does  not  base  its  course  on  about  such  requirements  will  not  be  in 
the  first  rank.    Two  or  three  approach  this  pretty  closely  now. 

When  an  academic  college  education  is  required  for  entrance  to 
technical  schools,  and  is  made  separate  from  them,  there  will  be 
much  better  work  done,  and  larger  benefit  to  the  student,  in  Physics 
and  in  all  education.  The  student  will  have  truer  aims  and  ideas, 
and  be  free  from  the  continual  thought  **This  is  of  no  use  in  my 
work."  When  young  men  begin  to  direct  preparation  in  their  chosen 
life-work,  they  will  not  do  much  with  what  does  not  appear  to  them 
to  have  immediate  use  therein.  Try  to  keep  up  mathematical  study 
in  a  law  school,  for  the  benefit  of  the  rigorous  discipline  of  the 
logical  powers!  Try  to  keep  medical  students  at  work  in  civics  and 
philosophy,  for  their  value  as  a  training  in  discursive  thought  and 
their  value  in  mental  therapy! 

Put  technical  training  where  it  belongs,  in  rank  with  the  schools 
of  law,  of  medicine,  of  divinity,  in  this  respect  at  least,  that  it  is  a 
direct  preparation  in  the  chosen  work  of  life  and  must  have  a  secure 
and  broad  foundation  in  a  truly  liberal  education:  and  when  en- 
tered upon,  let  it  be,  as  in  professional  schools,  pursued  with  undi- 
vided purpose. 

If  it  should  seem  to  any  that  I  have  not  kept  very  strictly  and  ex- 
clusively to  the  subject  of  Physics  in  Education,  but  have  made  a 
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somewhat  general  discussion,  my  justification  is  that  Education 
does  not  consist  of  separate  and  unconnected  parts:  its  parts  have 
organic  connection,  and  no  one  can  be  isolated  and  discussed  alone. 

Respectfully  submitted, 

I.  THORNTON   OSMOND, 
Professor  of  Physics. 
State  College,  Pennsylvania,  May  24, 1900. 
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XVIL— PSYCHOLOGY  AND  ETHICS. 


To  the  President: 

Sir: — ^It  is  a  pleasant  duty  to  report  herewith  the  work  of  the 
Department  of  Psychology  and  Ethics  for  the  past  year,  and  to  re- 
cord the  hopes  and  aims  of  the  future.  It  is  but  due  to  affirm  that 
the  results,  so  far  as  they  are  apparent,  show  improvement  over  pre- 
vious years.  The  gaps  in  one's  historical  knowledge  of  growing 
subjects  diminish  somewhat  with  each  succeeding  year;  while  the 
vital  bold  upon  the  student  increases  with  the  greater  spontaneity 
and  freedom  rendered  possible.  The  same  facts  and  principles  need 
different  statement  and  emphasis  in  order  that  different  classes  may 
appreciate  them.  No  two  individuals,  it  seems  to  me,  approach  a 
subject  in  quite  the  same  way,  so  that  it  is  one  of  the  perplexities 
and  at  the  same  time. one  of  the  joys  of  the  teacher  constantly  to 
remould  the  material  in  order  to  insure  to  the  student  the  largest  op- 
portunity for  personal  growth  and  expression. 

The  remoulding  of  the  general  courses  has  made  it  possible  to  se- 
cure a  logical  arrangement  of  the  subjects  of  the  department.  Be- 
ginning with  the  second  session  of  the  Sophomore  year,  the  work  is 
now  continuous  and  consecutive  throughout  the  course.  I  have  every 
reason  to  expect  better  work  under  the  new  schedules.  At  the  same 
time,  the  urgency  of  extending  these  subjects  to  all  the  courses 
grows  upon  me.  T  beg  to  submit  the  following  as  expressing  the 
wishes  of  the  department. 

Some  general  considerations  are  first  in  place.  The  question  of 
psychological  subjects  in  the  curriculum  is  not  the  question  of  the 
old  education  against  the  new.  It  is  entirely  independent  of  either 
classical  or  scientific  movements.  The  general  recognition  of  these 
subjects  is  based  upon  intrinsic  considerations,  and  not  upon  a 
theory  of  education  on  whose  carrying  power  alone  they  rely.  Psy- 
chology is  the  study  of  mental  life,  its  activities  and  laws.  It  is 
the  basis  of  all  the  sciences  that  deal  with  man  and  his  relations 
to  his  fellows.  As  such  it  ought  to  be  carefully  fostered  and  pur 
sued.  Again,  while  keenly  appreciating  the  value  and  power  of  the 
sciences  of  external  nature,  surely  the  science  of  the  internal  na- 
ture (which  at  every  step  conditions  the  study  of  external  nature), 
should  have  its  place  as  one  of  the  most  essential  phases  in  educa- 
tion.    Moreover,  from  the  point  of  view  of  utility,  I  think^^e  case 
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of  psjchotogical  study  a  good  one;  since  the  knowledge  of  men, 
the  springs  of  action,  the  processes  and  laws  of  thinking,  the  emo- 
tional bias  and  anti-bias  are  real  sources  of  success  and  failure  in 
business,  social,  and  moral  life.  I  have  aflBrmed  in  other  connec- 
tions (and  it  is  not  mere  poetical  metaphor  either),  that  one  can- 
not fully  understand  the  growth  of  plants,  the  processes  of  crystal- 
lization— even  the  running  of  a  locomotive,  without  a  knowledge  of 
psychology.  However  that  may  be,  the  fact  cannot  be  too  frequently 
emphasized  that  we  really  do  more  for  our  special  interests  by  doing 
less  for  them,  and  consequently  doing  more  for  other  interests 
closely  related  thereto. 

In  the  Report  for  1896,  I  had  the  honor  to  suggest  as  worthy  of 
serious  consideration  the  advisability  of  incorporating  the  subjects 
of  psychology  and  ethics  at  least  into  all  the  courses.  In  the  Report 
for  1897,  that  suggestion  was  amplified  in  the  light  of  the  principles 
of  education  as  I  conceive  them.  Subsequent  events  have  but  deep- 
ened these  convictions  Confirmation,  too,  is  not  far  to  seek.  The 
profounder  applications  of  psychology  to  life,  to  education,  to  social 
study  and  theory  which  mark  the  present,  together  with  the  histor- 
ical justification  and  'pedagogic  form"  which  the  field  of  psychology 
presents  constitute  an  irresistible  appeal  for  recognition  in  any 
course  of  collegiate  instruction. 

In  this  connection,  permit  to  quote  from  a  report  of  a  Commit- 
tee of  Five  on  the  Curriculum  of  Land-Grant  Colleges  (Report  of 
the  Commissioner  of  Education,  1896-1897),  which  reads  in  part  as 
follows: 

"Section  5.  The  educational  conditions  prevailing  in  the  United 
States  make  it  impossible  to  require  of  students  in  schools  of  applied 
science  or  technology  that  their  liberal  training  should  be  acquired 
in  preparatory  schools.  These  institutions,  therefore,  cannot  exclu- 
sively confine  their  attention  to  technical  subjects.  They  must  in- 
clude in  their  courses  for  graduation  certain  elements  of  a  liberal 
(or  general)  education. 

Section  6.  These  considerations,  thus  briefly  outlined,  make  it 
desirable  that  all  colleges  in  membership  with  this  association  should 
unite  in  requiring  for  the  bachelor's  degree  or  degrees  at  least  the 
following  general  studies: 

(To  the  subjects  enumerated,  I  add  from  section  7,  the  hours  ap- 
proximately assigned  upon  the  basis  of  15  hours  per  week  of  recita- 
tion and  10  of  practicum,  for  36  weeks  and  for  a  full  course  of  four 
year.) 

Algebra,  Geometry  and  Trigonometry, 155  hours. 

Physics  and  Chemistry  (including  150  hours  laboratory),     300  hours. 

English,   200  h9urs. 

Modern  languages,  340  hours. 
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Psychology,  and  Ethics  or  Logic, 100  hours. 

Political  Economy  and  Constitutional  Law, 110  hours. 

General  Uistory,  80  hours. 

"Thus  about  two-lif ths  of  the  work  requijred  for  the  bachelor's  de- 
gree is  comprised  in  the  above  named  general  branches." 

It  should  be  distinctly  remembered  that  the  subjects  of  psychol- 
ogy and  ethics  are  such  that  they  are  not  and  cannot  be  pursued  by 
preparatory  students.  They  demand  for  their  appreciation  consid- 
erable maturity  of  mind.  Their  proper  place  is  thus  in  the  last 
years  of  a  college  training.  No  increase  in  entrance  requirements 
eliminates  them  from  the  curriculum.  Their  omission  on  au^ 
grounds  cannot  but  be  viewed  as  a  serious  injustice  to  both  students 
and  to  the  subjects  themselves. 

The  vital  element  of  the  Report,  however,  lies  not  in  the  enumera- 
tion of  subjects  and  hours.  Of  far  greater  import  is  the  affirma- 
tion of  the  principle  that  the  pall  cannot  be  drawn  over  educational 
requirements.  There  is  implicit  recognition  also  that  one  of  the 
critical  problems  of  our  national  educational  system  is  being  worked 
out  in  these  institutions,  viz:  How,  on  the  one  hand,  shall  the  tech- 
nical work  be  raised  to  high  collegiate  grade;  and  on  the  other, 
(owing  to  existing  conditions),  how  shall  the  strictly  professional 
or  university  training  in  these  lines  be  brought  into  conformity  with 
the  admitted  essentials  of  collegiate  education.  Educational  re- 
quirements must  always  precede  technical  demands.  The  trained 
mind  and  heart  are  fundamental  to  true  success  in  any  field,  and  in 
such  training,  the  study  of  the  mental  sciences,  (logic,  phychology 
and  ethics)  has  every  where  been  recognized  as  integral  and  essen- 
tial. 

I  have  no  intention  at  present  to  enlarge  upon  the  reasons  which 
underlie  this  view  and  its  practice,  nor  am  I  proceeding  for  a  mo- 
ment on  the  assumption  that  such  is  necessary.  My  only  wish  is 
to  record  my  conviction  that  every  course  leading  to  a  bachelor's 
degree  should  include  at  least  one  year's  work  in  psychology  and 
ethics.  In  affirming  this,  I  am  not  unmindful  of  the  pressure  of 
other  subjects  and  of  the  increasing  demands  in  technical  lines. 
But  such  pressure  and  demands  only  emphasize  the  more  the  con- 
stancy of  the  basal  elements.  They  render  more  imperative  the  es- 
sentials of  education  as  over  against  the  necessities  of  professional 
training.  They  do  not  in  any  sense  make  the  former  superfluous 
or  merely  desirable.  It  is  to  be  hoped  that  the  increase  in  entrance 
requirements  and  a  readjustment  of  the  relative  emphasis  upon 
subjects  will  speedily  make  it  possible  to  incorporate  these  branches 
into  all  the  courses.  The  careful  report  of  the  Committee  of  Five, 
as  above  noted,  and  that  also  of  the  Society  for  the  Pronation  ot 
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Engineering  Education  (to  mention  but  two  cases),  maintain  the  ad- 
visability of  increase  in  entrance  requirements.  The  former  report 
advocates  no  less  unqualifiedly  the  assignment  of  One  Hundred 
Hours  to  Psychology,  logic  or  ethics  in  all  courses  leading  to  a 
bachelor's  degree.  That  a  readjustment  of  relative  emphasis  upon 
subjects  in  the  several  courses  is  feasible  needs  no  comment.  The 
Junior  year,  containing  in  the  main  no  general  subjects,  affords  the 
logical  position  for  the  insertion  of  Psychology,  four  hours  per  week 
during  the  first  session,  and  an  option  between  Logic  and  Ethics, 
three  hours  per  week  during  the  second  session. 

As  a  matter  of  fact,  some  of  the  technical  courses  do  provide  for 
instruction  in  psychological  branches.  The  uniformity  of  such  pro- 
vision which  I  would  respectfully  urge  springs  wholly  from  a  view 
of  educational  principles  and  not  from  any  external  desire  of  de- 
partment representation.  I  have  found  those  pursuing  technical 
work  to  be  keen  and  earnest  students  of  these  branches;  and  it  is 
the  right  and  the  duty  of  every  candidate  for  a  degree  to  acquire  a 
knowledge  of  the  fundamentals  of  his  own  inner  life,  or  its  rela- 
tion to  things  (the  basis  of  the  sciences),  and  its  relation  to  other 
minds  (the  basis  of  conduct,  social  order  and  of  the  state). 

Our  needs  remain  substantially  as  in  the  last  two  Reports.  The 
laboratory  equipment  should  be  extended  so  as  to  embrace  pro- 
jected lines  of  work,  which  lack  of  funds  have  made  it  impossi- 
ble to  carry  out.  The  necessity  of  a  considerable  increase  in  books 
is  keenly  felt.  The  binding  of  Journals,  so  as  to  make  them  more  ac- 
cessible to  students,  is  also  essential  to  our  work.  These  and  other 
necessities  of  the  department  will  be  detailed  in  a  separate  and  later 
report. 

Respectfully  submitted, 

ERWIN  W.  RUNKLE, 
Professor  of  Psychology  and  Ethics. 

State  College,  Pennsylvania,  May  24,  1900. 
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XVIIL— SUB-FRESHMAN  CLASS. 


To  the  President: 

Sir: — The  annual  report  of  the  Sub-freshman,  or  preparatory  de- 
partment is  respectfully  submitted. 

In  this,  my  first  year  in  charge  of  the  class,  its  importance  to 
the  college  proper  has  very  naturally  been  impressed  upon  me  as 
never  before.  Even  at  the  risk  of  going  over  ground  very  familiar 
to  you,  permit  me  to  review  briefly  some  of  the  advantages  of  main- 
taining such  a  class.  In  the  first  place,  it  performs  what  may  be 
called  a  negative  service  by  saving  students  to  the  college  in  that  it 
affords  an  opportunity  for  those  freshmen  poorly  prepared  in  certain 
subjects  to  bring  up  such  deficiencies  while  continuing  the  regular 
work  of  their  class.  During  the  past  year  there  have  been  twelve 
such  students  attending  one  or  more  courses  of  recitations  in  this 
department.  In  the  second  place,  it  confers  a  positive  benefit  upon 
the  college  by  presenting  to  each  entering  class  a  considerable  num- 
ber of  students.  Fully  90  per  cent,  of  the  students  completing  the 
Sub-freshman  year  enter  the  college  as  freshmen,  and  in  some  years 
the  percentage  has  been  even  larger.  Further,  my  experience  in 
teaching  freshman  mathematics  has  convinced  me  that  the  graduates 
of  this  department  are,  as  a  rule,  better  prepared  than  students  com- 
ing from  other  schools,  which  will  be  indorsed,  I  am  sure,  by  other 
members  of  the  college  faculty.  In  this  connection  the  following 
table,  showing  the  number  of  the  graduates  of  the  college  since  1895 
who  completed  the  sub-freshman  year,  may  be  of  interest: 


Year. 


1896. 
1817, 

1898. 
1899, 
1900. 


Number 
In   class. 


Yearly  average  from  Preparatory  Department,  32  per  cent. 


Number 

from 
Sub-F. 

class. 


85 

7 

80 

17 

86 

9 

43 

16 

44 

10 

40 

14 
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It  was  owing  to  these  considerations  that  a  pamphlet,  detailing 
the  advantages  of  the  class  and  giving  its  courses  of  study,  has  been 
issued,  with  your  consent  .and  advice,  of  which  many  copies  have 
already  been  distributed  and  others  are  now  being  enclosed  with  the 
college  catalogues  sent  through  the  mails. 

In  this  department  at  this  time  there  are  thirty-four  taking  the 
regular  course,  all  but  two  being  in  full  standing  and  these  last  are 
deficient  in  but  one  subject  each,  which  they  expect  to  bring  up  by 
the  beginning  of  the  next  college  year.  In  addition  to  this  number 
there  are  two  students  who  upon  trial  proved  too  poorly  prepared 
to  carry  the  work  of  the  class,  but  who  are  endeavoring,  under  the 
supervision  of  the  Department,  to  fit  themselves  for  entrance  with 
next  year's  freshman  class.  I  am  glad  to  report  that  this  year's  Sub- 
freshman  class  has  shown  such  attention  to  business  and  given  such 
evidences  of  ability  as  to  assure  a  well  prepared  and  thoroughly 
satisfactory  nucleus  for  the  class  of  1904. 

The  work  of  the  past  year  has  followed  closely  the  course  of  study 
outlined  in  the  college  catalogue,  and  the  members  of  the  class  have 
had  careful  training  in  all  prescribed  subjects.  A  student  deficient 
in  any  subject  has  been  required  in  every  case  to  tutor  a  prescribed 
number  of  hours  under  an  approved  instructor,  a  plan  which  has 
secured  most  satisfactory  results.  A  marked  •  improvement  in  the 
presentation  of  the  course  in  elementary  physics  demands  particu- 
lar notice.  During  the  past  year  the  recitations  in  that  subject 
have  been  held  in  the  physical  laboratory,  and  through  the  kind  co- 
operation of  the  Head  of  the  Department  of  Physics  in  furnishing 
apparatus,  and  the  painstaking  efforts  of  Mr.  Riggs,  the  class  has 
had  the  privilege  of  seeing  many  suggestive  experiments  performed. 
That  this  has  been  of  great  benefit  is  shown  by  the  interest  excited 
and  the  good  results  achieved  in  point  of  scholarship.  Of  the  work 
of  the  year  as  a  whole  it  may  be  said  that  while  mistakes  have  doubt- 
less been  made,  the  effort  of  the  entire  department  toward  demand- 
ing thoughtful  and  thorough  work  on  the  part  of  the  student  has 
been,  in  the  main,  successful. 

For  the  following  year,  T  would  respectfully  recommend  the  fol- 
lowing: 

1.  That  more  time  be  given  to  the  subject  of  English  as  recom- 
mended by  my  predecessor.  Dr.  Benedict.  Mr.  Espenshade  deserves 
great  credit  for  the  amount  of  work  he  demands  and  secures  in  the 
one  term's  study  of  English  classics,  but  the  time  at  his  disposal  is 
inadequate  for  the  training  needed.  College  students  are  noticeably 
deficient  in  English,  and  for  this  reason  it  would  seem  advisable  to 
diminish-  the  number  of  hours  required  for  drawing  in  the  "first  ses- 
sion from  five  to  four  in  order  to  add  to  the  prescribed  course  of  study 
a  two-hour  practicum  weekly  in  English. 
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2.  That  the  rhetorical  work  of  the  cla«8  be  under  the  direct  super- 
vision of  the  English  Department.  This,  it  seems  to  me,  is  the  only 
way  in  which  effective  work  can  be  attained. 

3.  That  an  appropriation  of  f 250  be  devoted  to  the  purchase  of 
apparatus  for  teaching  elementary  physics.  The  scarcity  of  such  ap- 
paratus has  made  it  necessary  to  omit  many  experiments  altogether 
and  has  made  it  impossible  to  allow  the  students  to  perform  for  them- 
selves any  experiments  whatever,  to  their  manifest  disadvantage. 

4.  That  rules  for  the  government  of  the  Sub-freshman  class  adapt- 
ed from  the  present  college  rules  be  put  into  the  hands  of  the  mem- 
bers of  the  class. 

In  conclusion,  allow  me  to  thank  you,  Mr.  President,  for  your  most 
helpful  suggestions  and  advice,  and  to  acknowledge  to  Miss  Redifer 
and  Dr.  Taliaferro,  in  addition  to  those  previously  mentioned,  my 
appreciation  of  their  excellent  work  with  the  Sub-freshman  Class. 

Very  respectfully, 

JOHX  H.  LEETE, 
In  charge  of  Sub-Freshman  Class. 
State  College,  Pa.,  May  24,  1900. 
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XIX.— REPORT  OF  THE  TREASURER. 


From  July  1,  1899,  to  June  30,  1900. 


State  College,  Pa.,  Jan.  22,  1901. 

To  the  Board  of  Trustees  of  The  Pennsylvania  State  College: 

Gentlemen: — The  following  report  of  the  Treasurer  of  The  Penn- 
sylvania State  College,  from  July  1,  1899,  to  June  30,  1900,  is  re- 
spectfully submitted.  The  accounts  are  arranged  under  the  fol- 
lowing titles,  corresponding  to  the  ledger  headings  in  the  college 
books  of  account: 

1.  The  College  general  account. 

2.  The  United  States  account,  act  of  1890. 

3.  Eastern  and. Western  Experimental  Farm  interest  account. 

4.  State  appropriation  act  of  1893. 

5.  State  appropriation  act  of  1895. 

6.  State  appropriation  act  of  1897. 

7.  State  appropriation  act  of  1899. 

8.  Experiment  Station,  general  account. 

9.  Experiment  Station,  United  States  account,  act  of  1887. 

The  College  General  Account. 

Dr. 

To  amount  received  from  land  scrip  fund,  ?30,000  00 
To  amount  received  from  proceeds   of 

notes  discounted,  65,268  88 

To  amount  received  from  students  and 

all  other  sources, 37,933  29 

Or. 

By  balance  due  Treasurer  June  30,  1899,  ?305  37 

By  amount  paid  College  expenses, 131,648  49 

By  balance  in  hands  of  Treasurer  June 

30,  1900, 1,248  31 


?133,202  17       ?133,202  17 
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United  States  Account.     Act  of  1890. 
Dr. 

To  balance  in  hands  of  Treasurer  July 

1,  1899,   f  12  92 

To  amount  received  from  the  Treasurer 

of  the  United  States, 25,000  00 

Cr. 

By  cash  paid  College  expenses, J24,397  38 

By  balance  in  hands  of  Treasurer  June 
30,  1900, 615  54 

125,012  92         125,012  92 

Eastern  and  Western  Experimental  Farm  Interest  Account. 
Dr. 

To  balance  in  hands  of  Treasurer  July  1, 

1899, f  1,840  00 

To  amount  received  from  State  Treas- 
urer,    1,020  00 

Cr. 

By  cash  paid  College  expenses, J2,815  44 

By  balance  in  hands  of  Treasurer  June 
30,  1900, 44  56 

?2,860  00  ?2,860  00 

State  Appropriation.    Act  of  1893. 

Dr. 

To  balance  in  hands  of  Treasurer  July 
1, 1899, \  162  88 

Cr. 

By  cash  paid  College  expenses, f58  25 

By  balance  in  hands  of  Treasurer  June 
30,  1900, 4  63 


162  88  162  88 
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State  Appropriation,  Act  of  1895. 

Dr. 

To  balance  in  hands  of  Treasurer  July 
1, 1899, 1183  86 

Cr. 

By  cash  paid  College  expenses, ?72  10 

By  balance  in  hands  of  Treasurer  June 
30,  1900, Ill  76 

f  183  86  f  183  8G 


State  Appropriation.     Act  of  1897. 
Dr. 

To  balance  in  hands  of  Treasurer  July 

1,  1899,    14,211  28 

To  sundries,  campus  account,  and  re- 
funding of  store  account, 43  75 

Cr. 

By  cash  paid  College  expenses, J4,176  82 

By  balance  in  hands  of  Treasurer  June 
30,  1900, : 78  21 

?4,255  03  14,255  03 


State  Appropriation.     Act  of  1899. 

Dr. 

To  amount  received  from  State  Treas- 
urer,        130,512  43 

To  proceeds  of  note  discounted, 2,000  00 

Cr. 

By  cash  paid  College  expenses, f  30,747  23 

By  balance  in  hands  of  Treasurer  June 
30,  1900,   1,765  20 


?32,512  43         ?32,512  43 
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Experiment  Station  General  Account. 
Dr. 

To  balance  in  hands  of  Treasurer  July 
1,  1899, 183  73 

To  amount  received  from  analyses  of  fer- 
tilizers,     \ 8,217  00 

To  amount  received  from  notes  discount- 
ed,           4,950  00 

To  amount  received  from  all  other 
sources,  3,447  13 

Cr. 

By  cash  Experiment  Station  bills  paid,.  |17,312  32 

To  amount  due  the  Treasurer  June  30, 
1900, 614  46 


117,312  32         117,312  32 


Experiment  Station,  United  States  Account. 
Dr. 

To  balance  in  hands  of  Treasurer  July 
1,  1899, 1335  26 

To  amount  received  from  Treasurer  of 
the  United  States, 15,000  00 

Cr. 

By  cash  paid  Experiment  Station -bills,  .  |15,243  58 

By  balance  in  hands  of  Treasurer  June 
30,  1900,   91  68 


tl5,335  26         tl5,335  26 


SUMMARY. 

College  Account. 

Dr. 

Balance  on  hand  July  1,  1899, |6,005  57 

Total  received  to  June  30, 1900, 191,778  35 
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Cr. 

By  amount  expended  to  June  30, 1900,  . .  |193,915  71 

By  balance  on  hand  June  30, 1900, 3,868  21 


Dr. 


$197,783  92       |197,783  92 
Experiment  Station. 


Balance  on  hand  July  1,  1899, |418  99 

Total  amount  received  to  June  30, 1900,.        31,614  13 

Cr. 

By  amount  expended  to  June  30,  1900,.  $32,555  90 

By  balance  due  the  Treasurer  June  30, 
1900 522  78 

?32,033  12         $32,033  12 


TOTAL. 

Total  receipts  including  balance  on  hand 
July  1,  1899, $229,817  04 

Total  expenditures  to  June  30,  1900,. . . .  $226,471  61 

Balance  in  hands  of  Treasurer  June  30, 
1900, 3,345  43 

$229,817  04       $229,817  04 

Respectfully  submitted, 

JOHN  HAMILTON, 
Treasurer. 
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■  University  of  Chicago, 
April  10,  1900. 

Sir: — I  haye  the  honor  to  submit  herein  my  report  on  the  clays  and 
clay  industries  of  the  Great  Valley  and  South  Mountain  areas  of 
southeastern  Pennsylvania,  prepared  according  to  your  instructions. 
The  field  work  was  done  during  the  summer  of  1899  and  the  office 
work  during  the  past  winter.  This  report  is  the  third  in  the  series 
on  the  clays  of  Pennsylvania  and  the  fourth  on  the  economic  pro- 
ducts of  the  State.  The  first  was  on  the  brownstones;  the  second 
on  the  clays  of  western  Pennsylvania,  in  which  the  most  important 
products  discussed  were  the  fire  clays  and  pottery  clays  of  that  re- 
gion; the  third  was  on  the  clays  and  allied  products  of  southeastern 
Pennsylvania,  the  leading  products  being  the  kaolins,  feldspars  and 
the  Philadelphia  brick  clays.  The  most  important  subject  treated  in 
the  present  report  is  the  white  clay  which  is  widely  distributed  over 
the  area. 

Permit  me  to  thank  you  once  again  for  your  kind  advice  during  the 
progress  of  the  work. 

Respectfully  submitted, 

T.  C.  HOPKINS. 
To  the  President  of  The  Pennsylvania  State  College. 
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THE  CLAYS  OF  THE  GREAT  VALLEY  AND 
SOUTH  MOUNTAIN  AREAS  IN  PENNSYL- 
VANIA. 


By  T.  C.  Hopkins. 


INTRODUCTORY. 


Geographic  features. — ^The  area  covered  by  the  present  report  is 
included  in  what  is  known  as  the  Great  Valley  and  the  South  Moun- 
tain regions.  The  Great  Valley  is  a  well  marked  geographic  divi- 
sion which  has  been  recognized  since  the  earliest  settlement  of  the 
State.  On  account  of  its  fertile  soil  and  otherwise  favorable  agri- 
cultural conditions,  it  was  one  of  the  earliest  settled  portions  of  the 
State.  The  first  advance  of  pioneers  westward  from  Philadelphia 
extended  into  the  small  but  fertile  Chester  Valley,  known  as  the 
Little  Valley.  The  next  advance  was  into  the  Great  Valley,  a  broad 
fertile  stretch  of  low  land,  which,  in  Pennsylvania,  extends  in  a  broad 
southwest  sweep  from  the  Delaware  river  to  the  Maryland  State 
line  and  is  a  portion  of  that  great  valley  which  extends  from  New 
England  intd  Alabama.  Portions  of  it  are  known  by  different  local 
names  such  as  the  Cumberland  Valley,  the  LfCbanon  Valley,  and  the 
Lehigh  Valley.  It  is  crossed  by  all  the  large  rivers  of  the  eastern 
portion  of  the  State,  the  Susquehanna,  the  Schuylkill  and  the  Dela- 
ware. The  Lehigh  river  flows  directly  across  it  like  all  the  other 
rivers  but  unlike  the  others,  instead  of  cutting  directly  through  the 
South  Mountain,  when  it  reaches  the  south  side  of  the  valley  it  flows 
northeast  from  Allentown  until  it  meets  the  Delaware  at  Easton. 

A  further  interesting  feature  is  that  on  the  south  side  of  the 
valley  east  of  Cornwall,  there  are  three  small  streams  which  rise  on 
the  south  side  of  the  valley  and  flow  through  the  sandstone  ridge  on 
the  south  into  the  Lancaster  plain.  It  is  interesting  to  see  the  large 
screams  flow  through  the  ridges  but  it  is  still  more  so  to  see  a  smal' 
stream  rise  at  the  foot  of  a  high  hill  and  flow  into  and  through  the 
hill  instead  of  away  from  it  into  the  valley  as  one  would  naturally 
expect. 
There  are  several  creeks  of  considerable  size  in  the  
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the  largest  of  which  is  the  Swatara,  ooe  tributary  of  which  rises 
in  the  coal  basin  in  Schuylkill  county  and  the  other  in  the  Great  Val- 
ley in  Berks  county,  the  two  branches  uniting  in  Lebanon  county, 
flow  almost  across  the  county  in  the  Great  Valley,  cutting  through 
the  hills  on  the  south  side  just  before  reaching  the  Susquehanna 
river.  In  Cumberland  county  there  are  two  creeks  flowing  longitu- 
dinally in  the  valley,  the  Yellow  Breeches  creek  on  the  south  side 
and  the  excessively  meandering  srream  Conedoguinet  on  the  north 
side.  The  Conococheague  creek  flows  southward  along  the  valley 
through  Franklin  county  into  Maryland. 

The  valley  varies  from  ten  to  twenty  miles  or  more  in  width  and  in- 
cludes the  area  between  the  South  Mountain  on  the  south  side  and 
the  first  fold  of  the  Allegheny  Mountains  on  the  north  side.  The 
North  Mountain  has  different  local  names,  as  the  Kittatinnj  Moun- 
tain at  the  north  end  and  the  North  or  Blue  Mountain  west  of  the 
Susquehanna  river.  The  ridge  on  the  south  side  is  commonly  known 
as  the  South  Mountain,  but  it  is  not  a  continuous  ridge  and  varies 
greatly  in  geological  structure  as  w^ell  as  in  topographic  features. 
Its  southern  extension  in  Virginia  is  known  as  the  Blue  Ridge. 

The  counties  included  in  this  area  are  Northampton,  Lehigh,  Berks, 
Lebanon,  Dauphin,  Cumberland  and  Franklin.  Some  notes  are 
given  on  the  clays  of  York  and  Lancaster  counties  which  lie  south 
of  the  South  Mountain. 

The  geological  features. — The  mountain  on  the  north  side  of  the 
valley,  while  known  by  different  local  names  is  structurally  one  con- 
tinuous ridge  with  a  comparatively  even  crest  its  whole  length  except 
where  cut  through  by  the  rivers  or  partly  cut  by  wind  gaps.  The 
ridge,  like  most  of  those  of  central  Pennsylvania,  is  composed  of  a 
highly  resisting  quartzose  Oneida-Medina  sandstone  of  Silurian  age. 
The  north  side  of  the  valley  floor,  in  places  more  than  half  of  it,  is 
covered  with  the  Utica-Hudson  River  slates  and  shales  of  upper  Or- 
dovician  age  corresponding  to  group  No.  Ill  in  the  State  Survey  re- 
ports. In  Lehigh  and  Northampton  counties  this  consists  largely 
of  slate  quarried  extensively  for  roofing,  while  further  southwest  it 
consists  of  argillaceous  shales.  The  south  part  of  the  valley  is 
composed  of  a  compact,  blue  limestone  and  intercalary  slate  of 
Lower  Ordovician  age  and  known  in  the  State  reports  as  group  No.  II 
or  Trenton,  including  the  Chazy  and  Calciferous.  Investigations  by 
Walcott*  show  that  some  of  these  limestones  classed  as  Trenton  are 
really  of  Low^er  Cambrian  age.  Tliere  is  apparently  no  stratigraph- 
ical  break  in  the  limestone  and  there  is  such  a  paucity  of  fossils  that 
it  has  not  been  possible  as  yet  to  draw  a  dividing  line  between  those 
of  Cambrian  and  those  of  Ordovician  age  and  they  will  be  spoken  of 
in  this  report  as  the  Cambro-Ordovician  limestones.  Underlying 
the  limestones  and  forming  South  Mountain  in  part,  is  a  aeries  ol 
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quartzites,  saodstones,  and  slates,  formerly  called  the  Potsdam  sand- 
stone, but  which  Lesley  in  his  final  report  called  the  Chickies  or  Hel- 
1am  quartzite  group  No.  I,  and  which  Walcott  on  paleontological 
grounds  classes  as  Lower  Cambrian. 

The  quartzite  and  slates  form  the  South  Mountains  in  the 
southern  part  of  Cumberland  county,  but  they  end  abruptly  near 
Dillsburg  and  do  not  appear  again  until  near  Reading,  an  interval 
of  nearly  50  miles,  in  part  of  which  there  is  no  ridge  on  the  south 
side  of  the  valley  and  in  the  other  part  there  are  bold  hills  of  Tri- 
assic  or  New  R^  sandstone  and  conglomerate.  Northeast  from 
Reading  to  the  Delaware  river,  the  South  Mountain  is  made  up  of 
the  Cambrian  quartzite  and  slates  and  a  series  of  mica  and  horn- 
blende schists  supposed  to  be  of  Archean  age.  There  are  several 
areas  of  the  Cambrian  quartzites  south  of  the  Great  Valley  in  York, 
Lancaster  and  Chester  counties. 

There  are  several  dikes  of  trap  rock  in  the  Great  Valley,  one  cut- 
ting the  valley  at  nearly  right  angles  in  Cumberland  county  several 
parallel  with  the  valley  just  north  of  Lebanon  and  one  running  diag- 
onally near  Reading,  but  all  of  which  apparently  have  no  relation 
to  the  clay  deposits. 

Clays  occur  in  great  abundance  and  in  some  variety  in  each  of  the 
groups  mentioned,  the  Cambro-Ordovician  limestones  being  specially 
rich  in  both  high  grade  and  low  grade  clays.  The  Cambrian  quartz- 
ites and  slates  of  the  South  Mountain  are  locally  rich  in  high  grade 
clays.  The  Hudson  River  slates  contain  much  clay  but  it  is  low 
grade  and  but  little  used.  The  New  Red  sandstones  contain  much 
shale  and  clay  suitable  for  the  manufacture  of  paving  and  building 
brick. 


Chapter  I. 


THE  WHITE  AND  PARTI-COLORED  CLAYS. 


General  Features. 

The  most  valuable  clays  in  the  area  under  discussion  are  the 
numerous  deposits  of  light-colored  clays  that  occur  in  the  Cambro- 
Ordovician  limestones  along  the  south  side  of  the  Great  Valley  and 
in  the  Cambrian  quartzite  and  slates  of  the  South  Mountains. 

The  clays  as  indicated  in  the  title  are  typically  white,  sometimes 
almost  snow  white,  but  commonlv  bluish-white  to  gray  when  first 
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mined  and  turning];  white  on  exposure  to  the  weather.  Closely  as 
sociated  with  the  pure  white  clays  are  large  quantities  that  are 
stained  moie  or  less  by  iron  oxide  forming  sometimes  a  yellow  and 
sometimes  a  particolored,  white  and  yellow,  or  white  and  brown 
clay.  In  several  places  there  are  associated  red,  black  and  gray 
clays  that  are  apparently  genetically  related  to  the  white  clays. 
These  variously  colored  clays  bear  a  certain  resemblance  to  each 
other  in  texture  and  in  their  association  with  deposits  of  limonite 
ore.  The  red  clay  does  not  occur  in  any  known  locality  in  sufficient 
quantities  free  from  the  other  varieties  to  have  any  great  commer- 
cial value  in  itself  except  as  a  part  of  a  mass  of  mixed  clays.  In 
only  a  few  localities  do  the  black  clays  occur  in  commercial  quanti- 
ties, but  the  white  clays  and  the  variegated  or  mixed  ones  occur  in 
extensive  deposits  whose  value  has  scarcely  been  appreciated  as  yet 
by  clay  manufacturers. 

Ohemical  composition. — The  white  clays  are  generally  highly  sili- 
ceous and  very  "tender''  or  short-grained,  differing  considerably  in 
their  physical  properties  from  the  commercial  kaolins  of  the  pegma- 
tite dikes  which  they  resemble  in  color.  The  following  analyses  will 
give  an  idea  of  .the  general  chemical  composition.  They,  like  other 
clays  and  rocks  are  subject  to  many  local  variations,  but  they  have 
almost  uniformly  a  high  percentage  of  silica  and  a  comparatively 
low  one  of  alumina.  This  may  be  best  observed  by  comparing  the 
analyses  with  those  of  other  white  clays  and  kaolins.* 


Analyses  of  White  Clays  and  the  Original  Slates. 


AlsO,  I  SlOs 


H,0 


Fe,0, 

CaO 

0.28 

0.23 

0.35 

.87 

0.02 

tr. 

tr. 

1.98 

0.11 

0.69 

0.05 

O.M 

0.11   '' 

MgO 


KtO    I  NasO 


TotaL 


1.  Crude    white    clay.    Upper  i 

Mill,  Pa '      9.44 

2.  Refined  white  clay.  Upper 

Mill,    Pa, ;    17.30 

3.  Mixed     white     clay,      Mt. 

Holly,    Pa i    17.43 

4.  White     clay.    Glen     Loch.  I 

Pa I     31.29 

5.  Conshohocken,    Pa.,    parti-, 

colored   clay |    26.96 

6.  Barren  Hill  srray  clay 26.12 

7.  Damourlte     slate.     Fogels- 

ville.   Pa. I    84.06 

8.  White     clay,      FogelsvlIIe,  | 

Pa 21.76 

9.  Yellow    clay,     Fogelsville. ' 

Pa. I    22.77 

10.  Damourlte     slate.      Allen- 1 

town.    Pa.,    t30.30 


84.06 

73.80 

78.30 

51.90 

'  59.83 
60.37 

49.92 

72.16 

64.57 

59.80 


2.18   I 
4.69    , 

8.90  I 
9.66   ' 

5.42 ; 

6.52 
4.76 
4.67 
4.70 


1.36 

1.18 

1.28 

1.62 

0.60 
1.93 


8.87 
2.49 

2.99  I 
4.01 

0.94 
6.74 


0.28 

o.ao 

.17 
2.99 

0.24 
0.29 


100.18 
100.01 
100.24 


100.12 
100.61 


0.99 

5.64 

t 


1.T7 

6.94 

0.74 : 

100.97 

0.70 

3.02 

2.12 

106.74 

1.28   , 

8.25 

2.80 

J 

106.88 

^^'    i 

6.24 

X.M  ( 

102.06 

*See  analyses  in  our  report  for  last  year,  1S9S,  II  Clays  of  Southeastern  Pennsylvania. 

tincludingr  iron  oxide. 

tNos.  4  and  7  analyzed  by  Dr.  F.  A.  Genth:  Nos.  8  and  9  by  J.  R.  Shimcr:  No.  10  by  P.  O. 
Salom.  All  the  others  were  analyzed  in  the  chemical  laboratory  at  the  Pennsylvania  State  Cbl- 
leffe. 
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Rational  Analyses  of  Pennsylvania  White  Clays. 


u 


Feldspar. 

Anhydrous 
clay. 

Water. 

Total. 

11.  Jno.  Allen's  white  clay.  South 
Mt.,    Pa. 

87.17 

10.96 
51.30 
45.52 
60.16 

80.46 

0.54 

0.19 
2.66 
1.31 
1.19 

1.62 

56.75 

84.47 
42.16 
49.77 
46.85 

59.90 

5.54 

4.88 
8.88 
3.40 
2.80 

8.0S 

100.00 

12.  Philadelphia    Clay    Co.,    South 
Mt.     Pa.,    

100.00 

18.  Mr.  Hoopes.  South  Mt..   Pa.... 

14.  Whitp  clay.    Latlmore,   Pa 

15.  Damourite  slate.  Latimore,  Pa. 

16.  Conshohocken            partl-colored 

clay. 

100.00 
100.00 

loo.ob 

100.00 

The  analyses  were  made  in  the  Chemical  Laboratory  at  The  Penn- 
sylvania State  College.  The  anhydrous  clay  was  determined  by 
difference  between  the  sum  of  the  other  substances  and  one  hun- 
hundred. 

It  will  be  noticed  that  the  white  clays  are  almost  entirely  free 
from  iron,  or  any  discoloring  oxide,  but  the  percentage  of  alkalies  is 
too  high  in  all  cases  for  a  refractory  clay.  The  colored  Consho- 
hocken clay  (No.  '5),  has  a  low  percentage  of  alkalies  or  fluxing  ma- 
terial and  can  therefore  be  used  as  a  fire  clay  where  a  very  high  re- 
fractory property  is  not  required.  The  most  marked  chemical  dif- 
ference between  the  clays  and  the  original  slates  from  which  they 
are  derived  is  in  the  higher  percentage  of  potash  in  the  slates.  In 
the  alteration  from  slate  to  clay  part  of  the  potash  is  leached  out. 

Origin  of  the  clays. — The  white  clays  are  the  direct  decomposition 
product  of  light  colored  hydromica  slates  which  occur  intercalated 
in  the  CJambro-Ordovician  limestones  and  in  the  Cambrian  slates, 
sandstones  and  quartzites.  The  preceding  analyses  sbow  that  there 
is  no  very  marked  chemical  change  in  the  transition  from  the  hard 
slates  to  the  soft  clays,  but  that  it  is  a  physical  change  caused  by 
freezing  and  thawing  aided  by  the  action  of  the  meteoric  waters  in 
which  some  of  the  potash  is  leached  out  and  the  mineralogical  and 
lithological  character  of  the  rock  changed. 

The  derivation  of  the  clays  from  the  slates  is  shown  by  the  man- 
ner of  the  occurrence  in  a  number  of  openings  where  there  is  an  in- 
timate gradation  from  the  soft  clays  to  the  hard  slates.  This  is 
shown  in  the  clay  pit  at  Latimore  where  soft  white  clay  occurs  on 
the  outcrop,  but  is  harder  and  laminated  a  few  feet  from  the  outcrop, 
and  still  deeper  changes  gradually  to  the  hard,  nearly  unaffected 
slate.  In  the  old  ore  pit  at  Hensingerville  the  slightly  weathered 
hydromica  slate  forme  the  south  wall  of  the  pit  while  the  clay  mixed 
with  slate  fragments  occurs  at  several  places  in  the  ore  pit.  In  many 
of  the  ore  pits  in  the  South  Mountains  in  Cumberland  county  frag- 
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ments  of  undecomposed  slate  occur  interspersed  in  the  clays.  The 
clays  nearly  always  contain  numerous  fragments  of  quartzite  sim- 
ilar to  that  found  in  thin  lenticular  layers  in  the  slates. 

The  black  clays,  which  occur  in  a  few  places,  are  iti  part  derived 
from  bituminous  slates,  and  some  of  them,  while  probably  derived 
originally  from  the  slates,  have  been  redeposited  with  considerable 
vegetable  matter  in  possibly  Cretaceous  or  more  recent  time.  The. 
red  and  parti-colored  clays  have  been  impregnated  with  iron  oxide 
which  has  been  carried  by  percolating  waters  into  the  cracks  of  the 
clay  or  into  the  seams  of  the  original  slate. 

It  may  be  of  considerable  economic  inrportance  to  the  brick  and 
tile  manufacturers  to  remember  thiit  the  clay  is  derived  from  the 
slate  and  that  it  is  probable  that  the  slates,  where  free  from  iron, 
can  be  utilized  in  the  manufacture  of  brick  and  tile  as  well  as  the 
clays.  In  so  far  as  we  can  depend  upon  the  few  analyses  given,  the 
slates  are  higher  in  alkalies  and  hence  would  fuse  more  readily,  but 
the  temperature  of  the  kilns  in  burning  can  be  regulated  accordingly. 

The  source  of  the  material  of  which  the  hydromica  slates  are 
formed  cannot  be  stated  so  positively,  but  a  probable  source  is  the 
feldspars,  especially  the  pegmatite  veins  of  the  Archean  gneisses  and 
schists  of  the  Piedmont  belt  south  of  the  South  Mountains. 

Mode  of  the  occurrence  of  the  clays. — The  clays  occur  in  some- 
what irregular,  lenticular  deposits  of  quite  varying  extent.  They 
were  originally  intercalated  masses  or  layers  of  slate  in  the  quartz- 
ose,  slaty,  and  limestone  rocks  but  when  the  rocks  disintegrated  the 
clay  deposit  resulting  from  the  disintegrating  slate  was  subject  to 
noticeable  changes  in  form  which  was  governed  largely  by  the  topo- 
graphical position.  Where  it  occurred  on  a  steep  hillside,  as  the 
underlying  rock  disintegrated,  the  clay  would  creep  down  the  hill- 
side often  for  a  considerable  distance.  Where  it  occurred  interca- 
lated in  the  limestone,  as  was  the  case  in  many  places,  as  the  lime- 
stone would  be  leached  out  underneath,  the  clay  would  sometimes 
run  into  the  channels  and  fissures  so  made,  and  the  result  would  be  a 
complex  mass  of  the  clay  more  or  less  intimately  intermixed  with 
masses  of  residual  yellow  clay,  ore,  chert,  and  limestone.  W^here 
it  outcrops  on  a  hillside  it  frequently  works  down  the  slope,  mixing 
with  the  surface  materials  and  it  may  veneer  the  hillside  for  a 
considerable  distance  below  the  original  outcrop.  So  readily  does 
it  spread  when  exposed  to  the  weather  that  only  in  the  few  places 
where  the  inclosing  rocks  remain  intact  do  we  find  it  confined  to  its 
original  position. 

In  very  many  cases  there  is  a  deposit  of  limonite  ore  resting  on 
top  of  or  against  the  clay,  rarely  underneath  it.  These  ore  deposits 
are  frequently  quite  large  and  contain  a  large  quantity  of  valuable 
ore.    It  is  to  the  occurrence  of  these  ores  that  we  are  indebted  for 
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the  opportunity  of  seeing  many  of  the  clay  deposits  that  would  other- 
wise be  concealed  by  surface  materials.  The  mining  of  the  iron  ores 
has  been  carried  on  quite  extensively  in  some  localities  for  more 
than  100  yeai*s.  It  was  much  more  active  30  to  40  years  ago  than 
it  is  at  present,  as  the  development  of  the  richer  ore  bodies  in  other 
localities  has  caused  a  great  depression  in  the  ore  trade  in  this  re- 
gion. As  a  common  occurrence  of  the  ore  is  on  the  white  clay,  the 
removal  of  the  ores  leaves  the  white  clay  exposed  at  the  bottom  or 
sides  of  the  ore  pits,  thus  making  dozens  of  exposures  of  the  clay 
shown  in  both  the  abandoned  and  the  active  iron  mines  throughout 
the  area. 

In  a  few  instances  large  quantities  of  the  clay  were  removed  in 
working  after  the  ore,  but  in  most  cases  very  little  of  it  was  dis- 
turbed as  the  miners  learned  by  experience  that  the  top  of  the  white 
clay  is  in  most  cases  the  bottom  of  the  ore.  In  many  places  the  clay 
is  exposed  on  one  side  of  the  ore  pit.  Since  the  ore  frequently  rests 
directly  upon  or  against  the  white  clay,  the  removal  of  it  lays  bare 
the  clay  and  the  excavation  is  then  turned  in  another  direction,  thus 
leaving  the  clay  uncovered. 

Throughout  the  Great  Valley  and  in  the  minor  parallel  valleys  the 
clay  occurs  in  limestone  or  residual  material  of  the  limestone.  In 
the  South  Mountain  and  the  North  Valley  Hill  areas  it  appears  to 
occur  in  quartzite  or  schistose  rocks.  But  even  here  it  may  have 
been  accompanied  in  many  places  by  limestones  which  have  leached 
away  and  hence  do  not  appear  in  the  explorations.  Besides  the  iron 
ores,  the  following  minerals  occur  associated  more  or  less  closely 
with  the  white  clay:  Manganese  ores,  psilomelane  and  pyrolusite, 
wavellite,  ceruleo-lactite,  quartz,  chert,  and  calcite.  The  manganese 
ores  which  occur  in  the  same  relation  to  the  clays  as  the  iron  ores, 
have  been  mined  in  the  South  Mountains  near  Mount  Holly  and  at 
Ironton,  in  Lehigh  county,  while  nearly  all  the  iron  ores  carry  more 
or  less  manganese.  The  wavellite  occurs  in  commercial  quantities 
near  Mt.  Holly  and  in  smaller  quantities  in  the  North  Valley  Hill, 
north  side  of  Chester  Valley.  The  ceruleo-lactite,  a  rare  mineral, 
occurs  in  the  ore  and  clay  pits  near  Glen  Loch,  Chester  county. 

As  the  former  exploitations  for  iron  ore  revealed  large  quantities 
of  the  clays  which  were  then  considered  as  waste  material,  the  fu- 
ture search  for  clay  may  reveal  new  deposits  of  ore,  which  is  now 
almost  a  waste  product  in  some  localities  where  it  was  at  one  time 
actively  worked. 

Uses  of  the  white  clay. — The  clays  are  adapted  to  nearly  all  the 
uses  of  any  other  white  clays  but  the  largest  markets  at  present  are 
the  paper  trade  and  the  potteries.  (1)  The  white  clay  has  been  used 
for  a  number  of  years  in  the  manufacture  of  paper  and  apparently 
gives  good  satisfaction.    The  points  in  its  favor  for  this  purpose 
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are  its  pure  white  color  and  its  very  fine  texture^  which  combined 
with  its  low  specific  gravity,  cause  it  to  remain  in  suspension  in  th^ 
paste  much  better  than  many  other  fillers.  It  is  necessary  to  re- 
fine the  clay  with  considerable  care  when  it  is  to  be  used  in  paper- 
making.  Besides  the  customary  process  usually  employed  with 
clays^  it  is  found  necessary  in  some  instances  to  strain  the  slip 
through  a  very  finely  woven  silk  netting  which  removes  all  the 
coarser  particles  which  are  not  removed  in  the  troughs.  Care  is 
likewise  needed  in  the  mining  operations  to  remove  all  the  stained 
portions  before  washing  it. 

The  following  notes  by  a  practical  paper  maker  describes  the  ad- 
vantages and  defects  of  clay  filling  in  paper.* 

"Kaolin,  or  China  clay,  as  it  is  usually  termed,  is  the  loading 
usually  employed  in  the  making  of  views,  printings,  and  the  lower 
qualities  of  writings.  The  clay  is  made  into  a  thin  cream  with  water, 
generally  in  a  chest  fitted  with  a  revolving  agitator,  so  that  when 
furnished  to  the  engine,  it  will  always  be  of  the  same  consistency. 
Some  paper-makers  mix  it  with  resin  size,  the  idea  being  that  in  this 
way  it  is  more  firmly  held  by  the  fibres,  and  less  liable  to  pass 
through  the  meshes  of  the  machine  wire. 

"Before  running  into  the  beater,  it  should  be  carefully  strained, 
so  that  any  sand  or  unground  particles  may  be  kept  back,  llie 
sieves  used  for  this  purpose  should  be  very  fine,  as  even  the  best 
grades  of  clay  contain  a  considerable  proportion  of  extraneous  mat- 
ter. 

China  clay,  in  addition  to  enabling  the  paper  loaded  with  it  to  take 
up  the  printing  ink  more  rapidly,  helps  materially  in  bringing  up  the 
surface  when  calendring,  though  from  its  power  of  absorbing  mois- 
ture the  high  finish  thus  obtained  is  liable  to  go  back  if  exposed 
in  a  damp  atmosphere.  Should  au  excessive  amount  be  added,  or 
if  it  has  been  imjierfeetly  strained,  the  pressure  of  the  calender 
rolls  will  have  the  effect  of  squeezing  the  coarser  particles  out 
and  leaving  the  sheet  pierced  with  innumerable  very  minute  holes. 

"The  sizing  and  feel  of  day-loaded  papers  are  never  so  good  as 
with  papers  loaded  with  such  materials  as  pearl  hardening  (calcium 
sulphate)  or  barium  sulphate,  nor  do  they  bulk  so  well.  Heavy 
chromo  or  plate  papers  often  contain  as  much  as  35  to  40  per  cent, 
of  clay;  and  though  such  a  large  amount  is  very  apt  to  cause  "dust- 
ing'' in  cutting  and  printing,  the  impression  obtained-is  much  more 
clear,  and  the  colors  are  absorbed  more  rapidly  than  would  be  pos- 
sible with  a  smaller  proportion  of  loading;" 

The  following  committee  report  is  of  interest  in  this  connection: 

The  addition  to  paper  of  mineral  matter  such  as  china  clay,  has 

•Practical  Paper  Makingr.    By  Georgro  Clapperton  (paper  maker).  Ix)ndon,   1W4.   pp.  58-f. 
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the  effect  of  increasing  the  opacity  and  improving  the  texture.  Up 
to  a  point  the  advantages  outweigh  the  disadvantages  of  diluting 
the  fibrous  constituents  with  non-cohesive  material.  With  increase 
of  loading,  the  sizing  agents  require  to  be  increased.  The  commit- 
tee concludes  that  10  per  cent,  of  total  mineral  matter  is  the  extreme 
limit  for  paper  for  publication  of  permanent  value.* 

(2)  There  are  several  reasons  for  thinking  that  the  white  clay  is 
well  suited  for  the  manufacture  of  china  ware.  That  it  has  not  been 
so  used  in  larger  quantities  is  probably  due  to  the  fact  that  while  it 
contains  some  of  the  essential  constituents  of  china  clay  in  suffi- 
cient purity,  it  differs  from  the  single  ingredients  of  the  ordinary 
china  ware  mix.  It  is  unlike  the  ordinary  kaolins  in  having  a  lower 
per  cent,  of  alumina  and  a  corresponding  higher  per  cent,  of  silica. 
It  lacks  the  high  plasticity  of  the  ball  clay.  It  is  not  so  fusible 
as  the  feldspar  nor  so  infusible  as  the  silica.  As  it  thus  lacks  the 
characteristic  properties  of  any  single  one  of  the  ingredients  in  the 
ironstone  china,  the  potters  are  slow  to  substitute  it  for  materials 
with  which  they  are  familiar.  As  it  simply  contains  a  little  more 
silica  than  the  average  kaolin  it  is  only  necessary  in  using  it  as  a 
substitute  for  the  less  siliceous  kaolins  to  increase  the  quantity  and 
proportionally  decrease  the  amount  of  silica  added.  As  the  other 
constituents,  particularly  potash  and  soda,  also  vary  to  some  ex- 
tent, it  may  be  necessary  to  vary  the  per  cent,  of  feldspar  added. 
It  will  thus  necessitate  a  little  experimenting  with  trial  batches  in 
order  to  get  the  best  mixture  for  any  special  kind  of  work.  But  the 
comparative  freedom  of  these  clays  from  discoloring  metallic  oxides 
would  amply  justify  a  little  experimenting  in  this  line.  When  these 
clays  are  better  developed  and  there  is  an  abundant  supply  on  the 
market,  it  seems  quite  probable  that  the  demand  for  them  in  the  pot- 
tery trade  will  greatly  increase.  The  potters  are  not  prone  to  spend 
much  time  or  energy  experimenting  with  a  material  until  they  are 
sure  that  it  can  be  obtained  when  desired. 

(3)  The  white  clay  is  well  suited  to  the  manufacture  of  encaustic 
or  enameled  tiles,  especially  white  tiles.  It  is  so  used  successfully 
in  one  factory,  the  Penn  Tile  Works  at  Aspers.  As  it  becomes  better 
known  it  will  no  doubt  find  a  ready  market  in  the  tile  industry. 

(4)  Closely  allied  to  its  use  in  the  manufacture  of  tiling  is  its  use 
for  white  and  ornamental  brick  and  porcelain  or  enameled  brick. 
One  company  is  using  it  now  for  the  manufacture  of  ornamental 
white  bricks  for  which  it  gives  good  satisfaction.  The  bricks  are 
burned  for  a  long  time  at  a  high  temperature  until  they  reach  a  point 
of  incipient  vitrification  or  more  properly  a  stony  texture  which 
presents  a  pleasing  appearance  in  the  wall.     Outside  of  the  enam- 


•Report  of  the  Committee  on  the  Deterioration  of  Paper,  printed  by  Wm.  Trounce.   Fleet  St.. 
London,   1896,  p.  4. 
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eled  bricks  there  are  few  if  any  others  on  the  market  that  surpass 
those  in  their  uniform  white  color. 

There  is  an  important  and  promising  market  for  these  white  clays 
in  the  manufacture  of  ornamental  brick  and  terra  cotta  ware.  The 
demand  for  these  materials  is  a  rapidly  increasing  one  and  the  pro- 
duct scarcely  keeps  pace  with  the  demand,  because  most  of  the 
manufacturers  who  supply  the  market  with  bricks  are  not  able  to 
furnish  the  white  clay.  Materials  of  this  nature  are  npt  wide- 
spread, hence  the  additional  importance  of  these  in  eastern  Penn- 
sylvania which  are  near  the  great  eastern  markets. 

(5)  Some  of  the  black  and  parti-colored  clays  have  been  used  for 
sewer  pipe,  terra  cotta,  stove  linings,  saggers,  and  similar  purposes. 

(6)  Almost  the  entire  product  of  the  refined  white  clay  produced 
by  one  company  is  used  for  calciraining  for  which  purpose  it  ap- 
pears well  adapted. 

The  paper  trade  will  probably  continue  to  take  the  best  grade  of 
the  white  clays  as  in  general  it  pays  better  prices  than  the  other 
industries.  The  brick  and  tile  markets  of  the  clays  can  hardly  fail 
to  greatly  increase.  Other  uses  will  probably  arise  in  the  course  of 
time  as  the  clays  become  better  known. 


Chapter  II. 


DISTRIBUTION  AKD  DEVELOPMENT  OF  THE  WHITE  CLAYS. 

The  greatest  development  of  the  white  clays  is  along  the  Great 
Valley  and  the  South  Mountain  areas  but  they  are  not  limited  to  this 
district  as  they  occur  also  in  many  of  the  smaller  parallel  valleys. 
They  are  likely  to  occur  almost  anywhere  in  the  area  of  the  Cam- 
brian slates  and  quartzites  or  the  Cambro-Ordovician  limestones. 
The  principal  centres  of  development  are  Mt.  Holly  Springs  and  vi- 
cinity in  Cumberland  county,  Mertztown  in  Berks  county,  Ore  Hill 
in  Huntingdon  county,  and  Glen  Loch  in  Chester  county.* 

Near  Scotland. — ^It  is  probable  that  more  or  less  clay  occurs  asso- 
ciated with  the  iron  ores  at  Mt.  Alto  and  vicinity,  but  I  was  unable  to 
visit  the  locality  and  could  not  ascertain  that  any  attempt  had  been 
made  to  develop  or  utilize  the  clay  in  any  way,  except  a  small  quan- 
tity shipped  to  the  tile  works  at  Aspers. 

Along  the  base  of  the  mountains  east  of  Scotland  and  thence  south 
beyond  Payetteville  on  the  Ohambersburg  and  Gettysburg  pike  there 

•As  this  Is  written  word  arrives  that  companies  have  been  organized  and  work  on  develop- 
ment begrun  at  Dlllsburgr  and  Scotland. 
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are  frequent  exposures  of  the  white  clay.  In  one  place  a  drainage 
ditch  two  feet  deep  exposes  a  massi  of  excellent  white  clay.  Several 
wells  are  said  to  have  been  sunk  into  it,  one  of  which  is  reported  to 
have  penetrated  140  feet  into  white  clay.  Unfortunately  all  the 
wells  in  this  area  were  dug  a  great  many  years  ago  when  no  one  was 
interested  in  clays  and  hence  the  information  obtainable  now  is  verj 
uncertain.  Very  little  recent  exploitation  has  been  done  in  this 
vicinity,  although  a  company  has  been  organized  contemplating  ac- 
tive development.  From  an  opening  north  of  Fayetteville  several 
car  loads  of  white  clay  have  been  shipped  to  the  Penn  Tile  Works 
where  it  was  used  in  making  white  tile  and  gave  good  satisfactiou. 

Less  than  half  a  mile  south  of  Fayetteville  is  a  sand  pit  from  which 
a  great  many  car  loads  of  white  sand  have  been  shipped.  A  small 
quantity  of  white  clay  is  inclosed  in  the  sand,  but  no  use  has  been 
made  of  the  clay.  The  form  of  th*^)  deposit  and  the  relation  of  the 
clay  and  sand  to  each  other  are  similar  to  those  in  the  pit  at  Mt. 
Holly  Springs. 

The  few  small  openings  made  and  the  surface  exposure  indicate 
a  considerable  area  along  the  base  of  the  mountains  east  and  south 
east  of  Scotland  where  white  clay  of  good  quality  occurs.  It  will 
require  further  exploitation  to  determine  the  commercial  value  of 
the  deposits,  that  is,  whether  it  occurs  in  sufficiently  large  quanti- 
ties free  from  impurities  to  make  it  valuable. 

Path  Valley. — The  Geological  Survey  reports  of  the  iron  mines 
in  Path  Valley  between  Richmond  and  Fannettsburg  mention  -the 
occurrence  of  white  clay  with  the  ores  in  the  ore  pits,  but  no  use  has 
been  made  of  the  clays.  The  ore  pits  have  been  abandoned  for  a 
great  many  years  and  the  clays  are  almost  entirely  concealed  by  the 
debris. 

Near  Shippensburg. — White  clay  occurs  in  large  quantities  in  the 
old  ore  pits  a  few  miles  east  of  Shippensburg.  In  many  of  the  pits 
the  yellow  sand  and  clay  from  the  surface  have  run  down  over  and 
concealed  or  stained  the  white  clay  that  was  exposed  at  the  time  the 
ore  pits  were  in  operation. 

The  following  statements  made  at  the  time  the  pits  were  operated 
might  be  mentioned:* 

"In  the  Big  Pond  banks,  in  the  southern  part  of  the  opening  22 
feet  of  white  clay." 

"The  George  H.  Clever  bank  showed  white,  yellow  and  red  clays 
associated  with  wash  ore." 

"The  Muslin  bank  shows  80  feet  of  white  clay." 

Considerable  quantities  of  white  and  parti-colored  clays  are  now 
exposed  in  one  of  the  openings  of  the  Big  Pond  banks  from  which 

•From  the  An.  Rept.  Oeol.  Surv.  of  Pa.,  1886,  Pt.  IV,  pp.  1411-1617. 

9-21-1900  Digitized  by  GoOgk 


u 


ANNUAL  REPORT  OF 


Off.  Doo 


a  limited  quantity  has  been  shipped  to  the  Penn  Tile  Works  at  As- 
pers  for  use  in  making  encaustic  tile.  These  clays  occur  at  about  the 
same  horizon  as  those  near  Scotland  and  at  Mt.  Holly  Springs,  that 
is,  near  the  contact  of  the  limestone  and  the  underlying  quartzites. 

Mt.  Holly  Springs. — Extensive  deposits  of  white  sand  occur  on 
each  side  of  the  gap  at  Mt.  Holly  Springs  and  large  quantities  of  it 
have  been  shipped  to  the  foundries  and  furnaces  at  various  points. 
In  one  place  pockets  of  white  clay  occur  in  the  sand,  which  when 
first  opened  were  supposed  to  be  extensive  deposits  of  clay  and  the 
intention  was  to  mine  and  use  it  at  the  clay  factory  at  Mt.  Holly 
but  the  pockets  were  soon  exhausted  and  the  clay  pit  changed  to  a 
sand  pit.  The  sand  is  used  in  making  the  white  bricks  by  mixing 
it  with  clay  from  other  points. 

Two  miles  west  of  Mt.  Holly  on  the  Stuart  tract,  white  clay  was 
mined  for  use  at  the  factory  in  Mt.  Holly  but  the  openings  were 
abandoned  after  a  few  weeks  and  have  since  been  idle.  As  all  the 
clay  obtained  was  mined  from  shafts  which  havfe  since  been  aban- 
doned, the  opportunities  for  examining  the  deposits  of  this  locality 
are  limited.  The  clay  so  far  as  observed  appeared  to  be  less  plastic 
than  that  from  the  south  side  of  the  mountain,  that  is,  it  is  not  so 
thoroughly  weathered  nor  disintegrated.  It  is  quite  probable  that 
exposure  to  the  weather  for  a  year  or  so  after  mining  would  greatly 
improve  the  working  properties  of  this  clay.  Manganese  and  wavel- 
lite  both  occur  in  commercial  quau'tities  closely  associated  with  the 
Stuart  clays.  The  considerable  thickness  of  material  overlying  the 
white  clays  may  prove  a  serious  objection  to  the  removal  of  the 
clays  from  surface  openings  but  they  are  not  too  deep  to  remove  bj 
subterranean  workings.  The  results  from  the  one  or  two  smaU 
openings  made  are  sufficient  to  justify  further  exploitation. 

Upper  Mill. — There  is  a  large  deposit  of  white  clay  at  the  old 
Medlar  ore  bank  just  south  of  Upper  Mill  which  has  been  operated 
by  the  Mt.  Holly  company  since  1898.  The  chemical  character  of  the 
clay  in  this  deposit  is  shown  by  the  following  analyses  of  both  the 
crude  and  the  refined  material. 

Analysis  of  White  Clay  from  Upper  Mill. 


Silica.    SiOi 

Alumina,   AlsOa.    . 
Iron   oxide.    FesOa 

Water,    H,0 

Potash,   K,0 

Soda,    NaiO 

Lime.   CaO 

Magnesia,    MgO,    . 


Refined 
clay. 
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The  white  clay  is  exposed  to  a  depth  of  about  25  feet  ou  the  north 
side  of  the  old  ore  bank  but  there  has  not  been  sufficient  exploita- 
tion to  show  the  extent  of  the  claj  body.  The  surface  material  was 
removed  from  a  small  area  in  July,  1899,  and  the  entire  face  of  the 
clay  was  being  taken  away,  the  inferior  portions  being  dumped  into 
the  old  ore  pit  and  the  cleaner  portions  sent  to  the  factory  at  Mt. 
Holly.  Some  clay  had  previously  been  mined  in  galleries  run  in 
from  the  face  of  the  bank  but  the  excavations  were  not  carried  on 
with  much  system  or  to  any  considerable  distance.  Apparently  the 
clay  dips  to  the  south  at  this  point  and  as  a  considerable  quantity 
of  shale  fragments  appear  on  the  dump  of  the  old  ore  mine  the  indi- 
cations are  that  the  clay  changes  to  slate  at  no  great  depth.  This 
might  prove  an  advantage  rather  than  otherwise  so  far  as  its  use 
in  brick  manufacture  is  concerned.  The  slate  would  need  grinding 
but  this  might  prove  less  expensive  than  washing  the  clay,  and  the 
slate  is  less  liable  to  be  stained  by  iron-bearing  waters. 

Considerable  exploitation  was  done  in  the  area  east  of  the  Upper 
Mill  and  while  clay  was  found  in  many  places,  no  large  body  of 
white  clay  was  discovered. 

Mountain  Creek. — Along  Mcfuntain  Creek  between  Upx)er  Mill  and 
Pine  Grove  Furnace  there  are  a  number  of  old  iron  mines,  many  of 
which  produced  large  quantities  of  iron  ore  a  few  years  ago  and 
nearly  all  show  more  or  less  white  clay  which  is  now  being  devel 
oped  at  several  points.  . 

The  most  extensive  body  of  high  grade  clay  that  has  been  proven 
on  Mt.  Creek  is  that  at  the  Crane  ore  bank,  one  mile  above  Hun- 
ter Run  Station,  where  the  Philadelphia  Clay  Works  has  mined, 
washed  and  shipped  clay  since  1893.  During  1899  the  shipments 
averaged  about  two  car-loads  per  day  or  50  cars  per  month,  at  times 
reaching  25  cars  per  week.  The  company  pays  a  royalty  of  20 
cents  per  ton,  which  amounts  to  nearly  6,000  per  year.  The  clay 
is  mined  from  underground  galleries  from  what  is  reported*  as  an 
extensive  body  of  white  clay  on  the  south  slope  of  Big  Mountain. 
The  drift  is  run  in  from  the  edge  of  the  large  ore  pit  where  many 
hundred  tons  of  ore  were  mined  some  years  ago.  The  company 
washed  and  prepared  for  market  several  carloads  of  the  sludge  from 
the  old  ore  washings.  TTiere  are  many  thousand  tons  of  this  ma- 
terial consisting  of  clay  and  sand  impregnated  with  finely  diffused 
iron  oxide  which  was  washed  from  the  ores  in  their  preparation 
for  market.  It  was  thought  by  putting  it  through  the  clay  washer 
and  thus  separating  the  sand  and  coarse  material,  that  the  product 
might  be  used  as  an  ochre,  but  the  project  was  soon  abandoned. 
The  white  clay  produced  at  Crane  Siding  is  a  superior  quality  care- 
fully prepared  and  nearly  all  goes  to  the  paper  factories. 


*The  company  will  not  permit  any  one  to  visit  the  mines  or  the  works. 
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At  the  Henry  Clay  iron  mine  two  miles  above  Hunter  Run  Station, 
there  is  a  large  deposit  of  beautiful  white  clay  that  is  now  (1899) 
being  mined  and  shipped  to  the  clay  works  at  Mt.  Holly,  where  it 
is  mixed  with  that  from  the  Upper  Mill.  The  mixture  is  said  to 
give  a  belter  clay  than  either  one  alone,  although  analysis  of  the 
mixed  clays  shows  a  composition  almost  identical  with  that  from 
the  Upper  MilL 

Analysis*  of  refined  clay  mixture  from  Henry  Clay  and  Upper 
Mill  is  as  follows:  SiO^  73.3;  Al^Os  17.43;  CaO  .02;  MgO  1.28; 
K2O  2.99;  Na^O  .17;  Fefi^  .37;  HjO  4. 68. 

The  clay  apparently  overlies  the  ore  at  this  point  as  it  is  on  the 
south  side  of  the  ore  pit  and  dips  to  the  south,  probably  due  to 
an  overturn  of  the  strata.  The  extent  of  the  deposit  had  not  been 
determined  at  the  time  that  this  was  written  (July,  1899).  A  drift 
had  been  driven  into  the  clay  about  50  feet  on  the  south  wall  of 
the  old  ore  pit  and  showed  a  good  grade  of  clay  the  greater  part  of 
that  distance,  but  in  places  it  is  stained  to  some  extent  by  surface 
waters  carrying  iron  oxide  into  cracks  in  the  clay.  The  develop- 
ments made  so  far  indicate  a  productive  locality  for  good  clay. 

John  Allen  has  mined  considerable  clay  from  the  hillside  a  half 
mile  or  more  east  of  the  Henry  Clay  pit.  There  is  no  ore  pit  here 
to  indicate  the  presence  of  the  clay  and  the  mining  has  been  from 
vertical  shafts  which  are  lined  with  temporary  small  timbers  similar 
to  those  used  in  the  kaolin  mines  in  Chester  county  and  elsewhere. 
Some  of  these  shafts  have  been  sunk  to  a  depth  of  90  feet  in  the 
clay  without  striking  the  bottom  of  it,  but  it  was  found  to  be  too 
expensive  to  lift  the  clay  from  a  greater  depth,  so  the  pits  are  com- 
monly abandoned  at  about  90  feet  and  new  ones  are  opened.  The 
clay  is  hauled  by  wagon  to  Mr.  Allen's  clay  refining  plant  at  Henry 
Clay  Station  where  it  is  washed  and  prepared  for  market.  Part  of 
the  product  is  shipped  to  the  paper  manufacturers  and  part  to  the 
potteries. 

At  Laurel,  on  the  H.  R.  &  S.  B.  R.  R.,  two  miles  east  of  Pine  Grove 
Furnace,  is  a  large  ore  mine  in  wiiich  whi^te  and  parti-colored  clays 
are  exposed.  The  old  ore  pit  is  about  120  feet  by  300  feet  and  50 
feet  deep.  The  ore,  which  is  said  to  have  been  near  the  surface  on 
the  north  side,  is  at  the  bottom  of  the  pit  on  the  south  side  and  runs 
underneath  the  clay  with  a  steep  south  dip.  The  south  face  of  the 
pit  shows  30  feet  or  more  of  clay  overlying  the  ore  and  overlain  in 
turn  by  a  layer  of  sand  and  rock  fragments  of  varying  thickness. 
A  considerable  portion  of  the  clay  is  stained  by  iron  and  manganese 
and  organic  matter,  some  of  it  a  bright  red,  some  yellow,  grayish-blue 
and  black.     Intermingled  with  the  colored  portions  are  bodies  of 

*Made  In  the  chemical  laboratory  of  the  Pennsylvania  State  College;  compare  with  that  from 
Upper  Mill. 
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white  clay.  The  white,  and  to  a  less  extent  the  colored  clays  have 
been  shipped  to  the  brick  works  at  Pine  Grove  Furnace,  where  it  is 
mixed  with  the  "soapstone"  and  slate  in  the  manufacture  of  bricks. 

The  Fuller  Brick  and  Slate  Company  at  Pine  Grove  Furnace  has 
been  in  operation  since  1892  manufacturing  plain  and  ornamental 
building  brick.  They  use  a  mixture  of  the  clay  from  Laurel  and 
black  slate  for  making  the  red  brick  and  the  Laurel  white  clay  and 
a  pale-green  ^*soapstone"  for  making  the  lighter  colored  ornamental 
bricks.  The  bricks  are  dry  pressed  and  are  very  handsome  building 
bricks.  They  use  two  Simpson  dry  press  machines  and  three  Eudaly 
kilns. 

The  Penn  Tile  Works  at  Aspers  postoflfice,  Bendersville  Station,  on 
the  Gettysburg  and  Harrisburg  Railroad  uses  clay  from  several  lo- 
calities described  above  along  with  feome  from  near  the  works  in  the 
manufacture  of  encaustic  floor  tile. 

Near  Latimore  postoflfice  in  the  north  east  corner  of  Adams  county, 
the  Central  Mining  Company  has  erected  a  clay-working  plant  with  a 
view  of  preparing  clay  for  market.  They  made  an  opening  for  clay 
near  the  mill,  but  not  finding  it  satisfactory  they  hauled  clay  from 
some  miles  further  north  in  the  South  Mountains.  No  clay  had  yet 
been  put  on  the  market  in  the  summer  of  1899  but  a  number  of  tons 
had  been  washed  and  dried.  It  lacked  suflficient  elasticity  to  hold 
together  in  the  cake  and  would  crumble  to  powder  when  dry,  which 
is  probably  caused  (1)  by  the  fact  that  the  original  slate  had  not  com- 
pletely disintegrated  and  hence  did  not  readily  separate  into  the 
fine  clay  particles;  (2)  by  the  method  of  washing.  They  attempted 
to  separate  the  impurities  from  the  clay  by  running  the  slip  from  the 
blunger  through  a  silk  launder  and  thence  directly  to  the  vats  with- 
out the  aid  of  flotation  troughs.  The  material  observed  in  the  pit 
at  this  place  by  the  writer  was  not  very  promising  for  a  fine  quality 
of  paper-clay,  as  the  slate  had  not  completely  disintegrated,  but  by 
proper  mechanical  treatment  it  might  furnish  an  excellent  material 
for  white  bricks  or  tiling.  The  work  is  yet  in  an  experimental 
stage. 

South  of  Boiling  Springs,  in  Cumberland  county,  in  the  ore  mines 
of  the  Reading  Iron  Company,  white  and  variegated  clays  in  consider- 
able quantities  are  exposed,  but  so  far  as  they  have  been  opened 
they  are  impregnated  with  too  much  iron  ore  to  have  commercial 
value. 

West  of  Dillsburg,  in  Dogwood  Hollow,  there  is  considerable  clay 
exposed  around  the  old  ore  banks,  but  so  far  as  shown  at  present 
(1899),  it  is  mostly  yellow  and  red  clay.  However,  the  ore  banks 
have  been  idle  for  so  many  years  that  the  surface  debris  may  have 
obscured  any  white  clays  which  may  have  originally  be\.ai  exposed. 

^^  Digitized  by  Google 
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Proceedings  are  uow  under  way  looking  towards  the  exploitation 
of  these  clays. 

About  one  mile  west  of  Dillsburg  there  are  deposit*  of  red  and 
yellow  clays  associated  with  the  Triassic  shales  and  conglomerates 
which  may  prove  valuable  either  as  ochres  or  clays.  Test  shafts, 
now  filled  up,  are  reported  to  have  been  sunk  to  depths  as  great  as 
60  or  70  feet  in  both  the  red  and  the  yellow  ochres.  These  deposits 
occur  on  the  property  of  Mr.  Koontz  in  the  proximity  of  a  bed  of 
limestone  conglomerate  of  Triassic  age,  which  is  quarried  and  burnt 
into  lime.  The  quarry  opening  is  about  70  feet  deep  and  the  charac- 
ter of  the  rock  shows  little  change  in  that  depth,  consisting  of  a  con- 
glomerate with  limestone  pebbles  6  or  8  inches  in  diameter,  ce- 
mented by  lime  carbonate  and  red  clay.  The  conglomerate  is  not 
so  hard,  strong  or  bright  colored  as  the  famous  Potomac  marble 
of  the  same  age. 

No  white  clay  deposits  were  observed  between  the  South  Moun- 
tain area  of  Cumberland  county  and  Montello,  in  Berks  county.  The 
bydromica  slates  occur  in  many  places  in  Dauphin,  Lebanon  and 
Lancaster  counties,  but  so  far  as  observed  by  the  writer  they  result 
in  colored  cljiys  on  disintegration.  White  clays  are  liable  to  occur 
in  this  area  and  may  be  discovered  at  any  time,  but  so  far  none  have 
been  made  known. 

Montello. — On  the  Hillside,  about  half  a  mile  south  of  the  Mon- 
tello Brick  Company's  plant,  at  Montello,  is  a  deposit  of  white  clay 
which  promises  to  be  quite  productive.  It  was  opened  by  the  Brick 
Company  about  1S02  and  the  product  was  used  for  making  fire-brick 
but  they  found  the  manufacture  of  red  brick  more  profitable  and 
soon  abandoned  the  fire-brick  industry.  The  company  is  this  year 
(1899),  reopening  the  deposit  on  a  larger  scale,  intending  to  use  it  in 
the  manufacture  of  a  light  colored  paving,  brick.  The  white  clay  be- 
longs to  the  same  general  class  as  the  Cumberland  county  clays. 
It  is  a  decomposition  product  of  the  hydromica  slates,  fragments  of 
which  may  be  seen  in  the  clay.  The  inclosing  quartzite  rock  is  en- 
tirely disintegrated  and  the  surface  around  the  clay  pit  is  covered 
with  sand  inclosing  fragments  of  quartzite  and  sandstone.  It  is 
probably  not  far  below  the  main  body  of  the  limestone  series  which 
forms  the  floor  of  the  valley  to  the  north,  as  there  is  a  large  sink 
hole  about  a  hundred  yards  north  of  the  clay  pit.  The  present  open- 
ing is  about  100  feet  in  diameter  and  20  to  25  feet  deep.  Borings  are 
said  to  have  been  made  to  a  depth  of  40  feet  in  the  clay  which  show 
uniformity  to  that  depth;  how  much  deeper  is  still  unknown.  In 
order  to  avoid  the  accumulation  of  water  and  expedite  the  removal 
of  the  clay,  the  company  has  started  an  open  cut  on  the  hillside  20 
feet  or  more  below  the  bottom  of  the  present  opening,  which  will 
be  extended  into  the  clay  body.     A  tramway  from  the  clay  pit 
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through  the  open  cut  will  be  extended  to  the  works  and  the  clay 
transported  by  gravit^\. 

This  clay  deposit  is  probably  not  an  isolated  one,  but  there  has  not 
been  sufficient  exploitation  to  show  the  presence  of  any  similar  de- 
posits in  the  immediate  vicinity. 

Neversink  Mountain,  Reading. — On  the  slope  of  Keversink  Moun- 
tain almost  within  the  city  limits  of  Beading  an  opening  has  been 
made  in  a  deposit  of  white  clay  which  occurs  in  the  disintegrating 
quartzites  and  slates  forming  this  portion  of  the  mountains.  A 
drift  has  been  run  into  the  side  of  the  mountain  from  which  the  clay 
has  been  taken,  but  the  mouth  of  the  drift  is  locked  and  I  had  no 
opportunity  to  examine  it  other  than  from  the  small  quantity  of 
clay  exposed  on  the  dump  which  was  a  soft  white  clay  containing 
numerous  fragments  of  quartzite.  If  it  occurs  in  sufficient  obtain- 
able quantities  it  may  prove  a  valuable  deposit,  located  as  it  is  close 
to  the  railways,  cities,  and  coal  fields. 

Oley  township,  Berks  county. — ^There  is  a  deposit  of  white  clay  at 
the  Hunter  ore  mine,  in  Oley  township,  which  produced  some  clay 
suitable  for  the  manufacture  of  paper,  but  the  supply  appears  to 
have  been  quickly  exhausted.  There  has  been  no  work  done  here 
for  many  years  and  there  is  no  white  clay  exposed.  The  only  in- 
formation available  concerning  this  deposit  is  the  following  extract 
from  the  survey  report:* 

"Kaolin. — There  is  a  considerable  body  of  kaolin  at  this  (Hunter) 
mine,  consisting  mostly  of  two  varieties — a  pure  white  and  a  buff- 
colored  argillaceous  clay,  colored  with  iron.  The  deposit  has  been 
worked  under  a  lease  to  Theodore  Ludwig,  of  Douglassville,  and 
Squire  Manger..  The  best  quality,  No.  1,  white  used  in  weighting 
paper,  formerly  sold  at  f 7  to  |15  per  ton,  and  was  successfully  used 
at  Connard^s  paper  mills  at  Pleasantville  and  at  Spring  City. 

"Mr.  Burgers,  proprietor  of  the  paper  mill  at  the  latter  place,  took 
the  first  100  tons  of  No.  2  white  at  |9.00  per  ton.  Mr.  Ludwig  di- 
vides the  kaolin  according  to  quality  into  three  grades:  No.  1,  white; 
No.  2,  mixed  white  and  yellow;  No.  3  buff.  He  has  pretty  well  ex- 
hausted the  first  quality  now,  which,  he  says  he  got  under  6  feet 
of  top  covering  in  a  face  30  feet  long  and  20  feet  wide.  It  showed 
no  persistency,  however,  and  soon  pinched  out.  There  is  still  a  con- 
siderable amount  of  buff-colored  clay.  There  were  about  800  tons 
of  the  three  varieties  named. 

"The  kaolin  is  of  excellent  quality  and  deserves  further  develop- 
ment.   A  sample  of  the  best  that  could  be  found  was  analyzed  by 
Mr.  McCreath  with  the  following  result:    Silica,  66.170;   alumina. 
19.890;  lime.  .260;  magnesia,  1.901;  protoxide  of  iron,  .783;  watei 
4.784;   alkalies  and  undetermined,  6.211.'' 

•Second  Pa.  Geol.   Survey,  Berks  county,   D,,    Vol.  II,  p.  3fi7-8. 
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MoUtown. — At  Moselem's  and  lirenig's  ore  pits  a  quarter  mile  east 
of  Molltowu,  white  clay  of  quite  pure  color  is  exposed  in  considerable 
quantities,  which  has  apparently  never  been  exploited  except  some 
of  it  was  removed  as  waste  material  when  the  ore  mine  was  in  opera- 
tion. The  quality  and  quantity  of  that  exposed  would  justify  further 
testing  of  the  extent  of  the  deposit  with  a  view  of  preparing  it  for 
market.    This  deposit  is  near  the  top  of  the  Trenton  limestone. 

Mertztown. — A  half  mile  south  of  Mertztown  is  a  large  clay  pit 
and  refining  plant  which  has  been  operated  by  the  Star  Clay  Com- 
pany since  July,  1874.  During  1899  the  company  employed  about 
15  men  and  shipped  the  refined  clay  at  the  rate  of  a  car  load  per  day. 

The  pit  covers  an  area  of  one  to  two  acres  and  is  50  to  80  feet 
deep.    The  overburden  of  yellow  sand  and  clay  varies  from  5  to 

25  feet  in  thickness,  and  on  one  side  of  the  pit  there  are  bands  of 
pink  and  purplish-colored  clays  interspersed  in  the  white  to  a  con- 
siderable depth.  The  mass  of  the  clay  is  blue  to  blue-gray  when 
first  exposed  but  quite  white  when  refined  and  dried.  The  product  is 
shipped  to  the  potteries  and  paper  factories.  The  best  grade  sells 
at  111  per  ton. 

Maple  Grove  (Long  Swamp  postoflice). — At  Maple  Grove  about  3 
miles  east  of  Mertztown  is  a  clay  mine  operated  by  Benj.  Moore  and 
Co.,  office  in  Brooklyn,  N.  Y.  This  mine  is  worked  in  underground 
galleries  and  the  clay  is  elevated  by  steam  power  through  a  shaft 
said  to  be  80  feet  deep.  As  the  company  would  not  permit  any  one 
to  enter  the  mine,  no  description  of  the  size  or  character  of  the  de- 
posit can  be  given.  The  white  clay  outcrops  in  the  ditch  at  the  road- 
side near  the  mine  opening,  where  it  still  retains  the  laminations 
of  the  original  slate  from  which  it  was  derived.  It  is  intercalated 
in  the  Cambrian  quartzites,  but  it  is  not  known  how  far  below  the 
limestone  series  it  lies. 

The  clay,  after  being  elevated  by  steam  hoist  to  the  surface,  is 
dumped  into  a  log  washer  similar  to  the  ore  washers,  where  it  is 
separated  from  the  coarser  materials  and  run  through  a  series  of 
troughs  into  large  settling  vats.  After  the  clay  has  settled,  the 
water  is  decanted  into  a  separate  reservoir  and  pumped  back  to  the 
washer.  The  clay  is  then  removed  from  the  vat  to  the  dry  fioor 
where  it  is  dried  in  the  air  and  then  hauled  to  the  refining  plant  at 
Hancock  Station  on  the  Philadelphia  and  Reading  Railway  where 
it  is  put  through  a  further  process  to  prepare  it  for  caleimining  for 
which  nearly  the  whole  product  is  used.  The  dry  clay  is  finely 
ground  on  a  burr  mill  and  mixed  with  the  proper  pigments  and  other 
materials  and  packed  ready  for  market. 

The  white  clays  are  exposed  at  many  other  localities  in  Berks  and 
Lehigh  counties  but  so  far  as  I  could  discover  none  of  the  other  de- 
posits are  used  commercially. 
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At  Schweyer  (Kline's  Corners)  the  white  clay  has  been  exposed 
in  two  shafts  sunk  by  the  Thomas  Iron  Company,  in  one  of  which 
the  clay  is  saM  to  be  30  feet  thick  with  an  overburden  of  12  to  15 
feet  of  yellow  clay  and  sand.  The  white  clay  is  exposed  in  only  one 
of  the  ore  pits  in  this  vicinity. 

In  the  Ironton  ore  pits  there  are  large  quantities  of  black  clay 
and  some  gray  and  variegated  clays.  At  Orefield,  Siegersville,  ani 
Guth's  Station,  black  and  colored  clays  are  exposed  in  nearly  all 
the  ore  pits.  As  no  attempt  has  been  made  to  use  the  clays,  there 
have  been  no  developments  that  would  show  the  extent  of  the  de- 
posits, except  as  incidentally  exposed  in  mining  the  ores.  The  black 
color  is  due  largely,  if  not  entirely,  to  carbonaceous  matter,  and 
where  the  clays  are  fre6  from  iron,  they  will  be  white  after  burning, 
as  the  carbonaceous  matter  is  all  driven  off  by  heat.  In  several 
places,  however,  the  clay  contains  "ore  balls,"  carbonate  of  iron  and 
some  pyrite.  In  one  place  native  copper  was  found  in  small  quanti- 
ties. These  clays  apparently  occur  in  sufficiently  large  quantities  to 
justify  preliminary  testing  looking  to  their  use  in  the  industries. 
It  is  possible  that  the  iron  is  local  in  occurrence  or  may  be  readily 
removed  by  washing,  in  which  case  the  clays  may  prove  as  valuable 
as  if  they  were  white  in  the  crude  state. 

Friedensville. — About  half  a  mile  southeast  of  the  Friedensville 
zinc  mines  is  a  deposit  of  white  clay  in  which  a  shaft  has  been  sunk, 
it  is  said,  to  a  depth  of  65  feet.  The  material  at  the  mouth  of  the 
shaft,  which  is  now  closed  up,  is  a  grayish-white,  light,  powdery 
clay  containing  small  fragments  of  hydromica  slate.  So  far  as 
known,  no  attempt  has  been  made  to  utilize  it,  although  it  has  the 
appearance  of  being  a  superior  grade  of  clay. 

Little  Chester  Valley. — The  white  clays  are  exposed  and  have  been 
worked  at  several  points  along  the  north  side  of  the  little  Chester 
valley.  These  occur  in  Cambrian  slates  and  quartzites  near  the  con- 
tact of  the  limestones  of  the  valley  and  correspond  in  age  and  origin 
to  those  described  in  the  South  Mountain  region.* 

The  only  one  of  these  deposits  which  has  been  worked  extensively 
for  the  clay  alone  is  that  north  of  Glen  Loch  Station  where  the  White- 
land  Kaolin  Company  has  opened  a  pit  and  erected  a  refining  plant. 
The  works  were  not  in  operation  during  1899  and  the  clay  in  the  pit 
is  partly  concealed  by  the  crumbling  in  of  the  overburden  on  the 
sides.  The  clay  is  associated  with  quartzite  and  sand,  the  latter 
covering  the  surface  around  the  pit.  The  limestone  is  exposed  a 
short  distance  south  of  the  pit.  Considerable  quantities  of  crystal- 
lized wavellite  occur  in  the  quartzite  boulders  on  the  surface,  and  a 
race  mineral,  ceruleo-lactite,  is  found  in  the  old  ore  pit  immediately 


•Prof.   CSftrter  of  the  Philadelphia  High   School  Informs  me  that  large  depoBlU  of  clay  have 
been  penetrated  In  some  of  the  well  borlngs'^In  the  Little  Chester  Valley.  ^ 
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east  Of  the  clay.  The  association  of  the  clay,  iron  ore,  and  wavellite 
is  similar  to  that  in  the  Mt.  Holly  district. 

Abont  two  and  a  half  miles  south  west  from  the  Whiteland  Clay 
Works,  on  the  north  side  of  the  Chester  Valley  is  a  large  sand  and 
clay  quarry  which  has  been  in  operation  for  about  30  years.  It  was 
formerly  operated  by  James  D.  Peck,  but  is  now  owned  and  operated 
by  the  James  D.  Peck  Fire  Sand  Company,  with  their  office  in  New 
York.  The  white  clay  occurs  in  irregular  lenticular  masses  in  the 
quartzites  and  sandstones  which  are  partly  disintegrated.  The 
quartzite  and  sandstone  boulders  are  crushed  into  sand,  which  is 
shipped  to  various  points  for  use  in  copper  and  steel  furnace  bot- 
toms and  the  clay  is  used  for  fire  clay.  A  new  crusher  and  new 
sheds  have  recently  been  erected  and  a  side-track  connection  made 
with  the  Pennsylvania  Railroad,  thus  increasing  the  shipping  facili- 
ties. This  is  one  of  the  best  exposures  in  the  State  in  which  to  ob- 
serve the  relation  of  the  clays  to  the  quartzites,  as  both  are  exposed 
here  in  the  quarry  opening,  where  the  strata  stand  nearly  vertical, 
dipping  about  80  degrees  south  of  east. 

At  Cain  Station,  two  miles  east  of  Coatesville,  on  the  north  side  of 
the  Chester  Valley,  is  a  white  sand  quarry  operated  by  Garrison 
&  Co.,  of  Bridgeport,  New  Jersey.  The  white  sand  is  overlain  by 
from  three  to  ten  feet  of  yellow  sand  and  rock  fragments.  The  pres- 
ent pit  is  about  25  feet  deep  but  is  said  to  have  been  worked  to  a 
depth  of  60  feet.  The  sand  contains  considerable  white  vein  quartz 
in  fragments  of  varying  sizes.  There  is  a  sand-washer  erected  near 
the  quarry  where  the  sand  is  washed  and  prepared  for  shipment  to 
the  glass-works  and  potters.  The  daily  output  is  about  20  to  25 
tons  of  pure  sand.  No  attempt  is  made  to  save  the  clay  which  oc- 
curs in  small  lenticular  masses  through  the  sand. 

On  Doctor  Beal's  property,  directly  west  of  Garrison's  quarry, 
large  quantities  of  white  sand  have  been  quarried  and  shipped. 
There  are  still  other  openings  further  west  along  the  north  side  of 
the  Chester  Valley  which  have  furnished  clay  and  sand  to  the  roll- 
ing mills  and  furnaces  of  eastern  Pennsylvania. 

All  these  deposits  along  the  Chester  Valley  occur  at  about  the 
some  geological  horizon,  that  is,  in  the  Cambrian  quartzites  and 
slates  near  the  contact  with  the  Chester  Valley  limestone. 

Conshohocken. — ^The  clay  deposits  near  Conshohocken  were  de- 
scribed in  last  year's  report  (II  Clays  of  Southeastern  Pennsylva- 
nia), but  at  that  time  their  close  geological  relation  to  the  clays  de- 
scribed in  the  preceding  pages  was  not  as  clearly  recognized  as  at 
present.  During  the  present  year  the  study  of  the  clays  through  the 
Great  Valley  shows  conclusively  a  similarity  in  origin  with  the  Con- 
shohocken clays.  However,  there  is  this  difference,  that  the  latter 
(at  least  part  of  the  deposit),  have  been  subject  to  water  action,  in  j 
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which  the  clay  is  mixed  with  gravel  and  sand.  Most  of  the  Consho- 
hocken  tlajs  are  probably  in  or  near  the  position  of  the  original 
slates  from  which  they  were  derived.  In  fact,  in  one  place  the  clay 
still  retains  the  lamination  of  the  original  slate.  The  occurrence 
of  the  large  quantities  of  gravel  and  sand  lying  on  and  mixed  in 
the  upper  part  of  the  clay  deposits  shows  that  the  water  has  been 
over  this  area  in  comparatively  recent  times.  The  age  of  this  last 
deposit  is  as  yet  undetermined.  It  has  some  features  which  indi- 
cate the  Lafayette  stage  but  there  are  not  sufficient  data  at  hand  to 
establish  it. 

While  they  are  on  the  northeastward  extension  of  the  Little  Ches- 
ter Valley  limestone  belt,  it  may  be  noticed  that  the  clay  deposits 
are  not  exactly  on  the  same  horizon  as  those  on  the  north  side  of  the 
Little  Chester  Valley,  since  the  latter  occur  on  the  north  side  of  the 
limestone  outcrop,  while  the  Conshohocken  clays  are  found  in  the 
limestone  and  near  the  southern  margin  of  it.  However,  this  dif- 
ference may  be  more  apparent  than  real,  since  the  strata  are  much 
folded  and  probably  faulted  and  in  most  places  deeply  disintegrated, 
all  of  which  combined  with  the  almence  of  fossils,  render  an  accu- 
rate correlation  of  the  strata  very  difficult. 

Since  writing  the  report  of  last  year  there  have  been  some  further 
developments  in  the  Conshohocken  clay  district.  Mr.  Frank  Tracy 
has  opened  in  the  old  ore  bank  just  south  of  the  school  house  a  claA 
pit  which  has  been  sunk  to  a  depth  of  50  feet  and  produced  white, 
black,  red  and  parti-colored  clays  similar  to  that  from  the  other 
pits.  A  well  was  drilled  a  short  distance  west  of  Hallman's  clay 
pit  which  at  the  time  of  my  visit,  July,  1899,  was  reported  to  be 
153  feet  deep  all  through  sand  and  gravel.  No  clay,  limestone,  nor 
other  rock  was  found. 

Wagontown  Kaolin. — The  kaolin  near  Wagontown  is  a  true  resid- 
ual kaolin  and  belongs  in  the  same  class  as  those  described  in  last 
year's  report,  but  data  were  not  at  hand  at  that  time. 

The  kaolin  is  the  disintegration  product  of  a  pegmatite  vein  in  a 
hornblende  granite  gneiss.  The  vein  has  a  northeast-southwest 
trend  dipping  southeast.  It  was  worked  to  a  depth  of  75  feet  when  it 
was  abandoned  because  of  the  expense  of  keeping  out  the  water  and 
removing  the  very  heavy  overburden. 

Mr.  Berry,  on  whose  farm  the  kaolin  occurs,  sold  the  mine  to 
Seneca  G.  William,  who  operated  it  between  the  years  1877  and  1883. 
The  kaolin  was  mined  by  hand  and  hauled  in  carts  to  Cedar  Knoll 
Station  on  the  Wilmington  and  Northern  railway  on  the  banks  of 
Brandywine  creek,  where  a  refining  plant  was  constructed  and  the 
kaolin  washed  and  prepared  for  market.  It  was  shipped  to  the  pot- 
teries at  Trenton  and  East  Liverpool. 

So  far  as  I  could  ascertain  this  is  the  only  kaolin  deposit  which  has 
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been  opened  in  this  portion  of  the  county.  It  is  possible  that  similar 
deposits  occur  in  the  vicinity  but  the  rocks  are  deeply  disintegrated 
and  the  yellowish  soil  from  the  hornblende  gneiss  obscures  any 
kaolin  that  may  occur  and  it  would  only  be  found  by  systematic 
search  or  accidentally  by  well  borings  or  similar  means. 

Ore  Hill,  Blair  county — The  Springfield  mines,  at  Ore  Hill,  Blair 
county,  produce  large  quantities  of  white  clay  and  limonite  ore.  The 
geological  relations  here  are  similar  to  those  along  the  north  side  of 
Nittany  Valley,  where  the  ore  and  clay  occur  on  or  near  sandstones 
of  probably  Ordovician  age.  The  clay  when  first  dug  has  a  blue-gray 
color  which  whitens  on  exposure.  It  forms  a  massive  deposit  over 
an  area  of  several  acres.  There  are  numerous  openings  25  to  40  feet 
or  more  in  depth,  but  since  none  of  these  extends  to  the  bottom  of 
the  clay  the  entire  thickness  of  the  deposit  cannot  be  seen.  The 
clay  is  probably  formed  by  the  disintegration  of  the  hydromica  slates 
as  in  the  Great  Valley  district,  but  the  slates  are  so  thoroughly  dis- 
integrated that  not  even  fragments  of  them  remain  in  the  clay. 
However,  there  are  numerous  thin  streaks  of  broken  white  quartz- 
ite  similar  to  that  occurring  in  the  slates  elsewhere.  Scattered 
through  the  clay  are  small  fragments  of  gray  and  black  chert,  some 
of  which  are  oolitic.  The  chert  indicates  the  former  presence  of 
limestone  which  probably  occurred  intercalated  with  the  slates  over- 
lying the  sandstone,  but  in  the  process  of  weathering,  the  limestones 
were  all  leached  away,  the  slates  disintegrated  to  clays,  and  the  re- 
sidual mass  including  the  ore  deposits  settled  down  on  the  sand- 
stone. Both  the  clay  and  the  ore  have  been  mined  here  quite  ex- 
tensively for  a  great  many  years.  During  the  summer  of  1899  there 
were  about  100  men  employed  on  the  works.  The  ore  is  washed  and 
shipped  to  the  furnaces.  Clay  in  the  crude  state  is  shipped  to  pot- 
ters and  tile  manufactures  in  many  localities. 

Nittany  Valley. — White  clay  occurs  in  a  number  of  places  through 
Nittany  Valley,  in  Centre  and  Huntingdon  counties,  but  so  far  as 
known  to  the  writer,  no  attempt  has  been  made  to  utilize  it  even  lo- 
cally. It  occurs  in  limited  quantities  in  the  Scotia  ore  banks  and 
in  large  quantities  in  the  old  Gray  iron  mines,  but  in  neither  place 
could  it  be  obtained  in  large  quantities  free  from  iron  stains.  It  is 
reported  in  several  of  the  ore  banks  near  the  northeast  end  of  Nit- 
tany Valley. 

It  is  probable  that  larger  deposits  of  the  white  clay  than  those 
which  have  been  discovered  may  occur  in  Nittany  Valley,  but  all 
the  deposits  exposed  ait  present  are  too  small  and  are  associated  with 
too  many  impurities  to  justify  commercial  development. 
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Chapter  III. 


RED  BUILDING  BRICK  INDUSTRY  IN  THE  GREAT  VALLEY. 

The  clays  and  shales. — In  the  Great  Valley  area  the  clays  suitable 
for  red  building  brick  may  be  conveniently  grouped  into  three  classes: 
(1)  the  residual  limestone  clays;  (2)  those  resulting  from  the  weather- 
ing of  the  shales;  (3)  the  alluvium  along  the  stream  courses. 

The  first  of  these  is  the  most  important  in  that  it  is  used  more 
extensively  than  the  others  which  is  due  chiefly  to  the  fact  that  it 
occurs  more  commonly  at  points  where  the  bricks  are  wanted.  It 
is  a  common  saying  that  anything  will  do  to  make  red  bricks  which 
is  in  large  measure  true  if  we  take  no  account  of  the  quality  of  the 
bricks.  Since  the  builders  are  frequently  not  very  particular  about 
the  quality,  it  is  customary  to  make  the  bricks  wherever  there  is 
demand  for  them.  Hence  as  nearly  all  the  large  towns  of  the  Great 
Valley  area  are  in  the  limestone  portions  of  the  valley,  the  greater 
portion  of  the  bricks  are  made  from  residual  limestone  clay.  One 
may  see  on  consulting  a  geological  map  of  the  State  that  the  north 
side  of  the  Great  Valley,  covering  more  than  half  the  area  of  the 
valley,  consists  of  the  Utica-Hudson  River  slates  and  shales,  but 
the  narrower  limestone  portion  forming  the  south  side  of  the  valley 
contains  all  the  large  towns  such  as  Easton,  Bethlehem,  AUentown, 
Reading,  Lebanon,  Chambersburg,  and  Waynesburg,  while  Harris 
burg  is  partly  on  the  limestone  and  partly  on  the  shale;  further 
south,  Lancaster,  Columbia  and  York  are  all  on  limestone  areas. 
In  many  places  the  limestone  clays  make  a  fairly  good  red  brick  but 
in  some  places  they  contain  numerous  fragments  of  quartz,  limestone, 
iron  ore,  or  other  material  in  which  case  an  inferior  grade  of  brick  is 
produced.  Thus  where  the  quartz  fragments  occur  they  make  a 
rough  surface  to  the  brick  and  in  burning,  the  quartz  fragments  fre- 
quently burst  and  crack  or  make  a  protuberance  on  the  brick.  The 
limestone  fragments  are  injurious  because  they  change  to  quick- 
lime in  the  process  of  burning  and  on  exposure  to  moisture  the  lime 
slacks  and  crumbles  out,  leaving  a  hole  in  the  brick.  The  greatest 
injury  from  the  ore  or  any  other  ro(rk  fragments  which  may  be  pres- 
ent, is  in  the  lumps,  knots  or  spots  which  are  formed  on  the  face  of 
the  brick. 

All  these  injurious  foreign  materials  could  be  readily  removed 
at  slight  expense  by  a  simple  process  of  slumming,  but  this  is  not 
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done  anywhere  in  the  region,  so  far  as  1  know.  In  most  cases  the 
limestone  clays,  where  free  from  these  rock  fragments,  make  an 
excellent  grade  of  red  brick,  but  in  some  instances  the  clay  is  too 
**fa/t,"  that  is,  has  too  much  alumina  and  not  enough  sand.  The  sim- 
ple remedy  is  of  course  the  addition  of  sand.  Where  this  is  not 
done,  the  bric£s  become  much  distorted  in  burning,  crack  and  twist 
and  shrink  greatly  in  size. 

The  second  group  of  the  clays,  those  from  the  shales  and  slates, 
are  not  used  very  extensively  because,  as  already  stated,  there  are 
not  many  large  towns  on  the  shale  area.  While  the  quality  of  these 
clays  varies  considerably  throughout  the  region,  they  in  most  places 
furnish  suitable  material  for  a  good  quality  of  red  brick. 

The  third  group,  alluvial  clay,  is  found  in  the  flood  plains  along 
'the  stream  courses,  and  where  it  is  free  from  gravel,  and  do^s  not 
have  too  large  a  percentage  of  sand,  makes  one  of  the  best  materials 
for  the  manufacture  of  red  brick  because  it  is  so  easily  and  cheaply 
prepared  for  use.  For  this  reason,  where  it  occurs  in  suflBcient 
abundance,  it  generally  has  precedence  over  all  others.  At  Harris- 
burg,  Reading  and  possibly  other  points,  there  is  an  upland  ter- 
race deposit  older  than  the  recent  alluvium,  possibly  representing  the 
Lafayette  stage,  that  is  used  to  some  extent  in  the  manufacture  of 
bricks. 

Shales. — There  is  an  abundance  of  shales  and  slates  in  nearly 
all  parts  of  the  aiea  suitable  for  making  red  brick.  The  Cambrian 
slates,  those  interstratified  with  the  Cambro-Ordivician  limestone, 
Utica-Hudson  river  slates  and  shales  and  the  shales  of  the  Triassic 
or  New  Red  period,  all  contain  good  material  for  the  manufacture  of 
brick,  but  as  yet  none  of  them  has  been  used  for  that  purpose  except 
in  a  few  places  where  they  have  been  used  for  vitrified  brick — (see 
following  chapter). 

The  Industries. — At  Bethlehem  there  are  five  brick  yards,  the 
largest  of  which  has  a  capacity  of  25,000  per  day  and  manufactures 
by  a  stiff-mud  process.  There  are  two  which  manufacture  by  the 
soft-mud  process  and  two  that  make  by  hand  only.  The  total  daily 
output  of  all  the  yards  is  75,000  bricks  and  they  employ  about  75 
men  and  boys.  Three  of  them  use  the  residual  limestone  clay;  one, 
the  smallest,  uses  alluvium;  and  one  at  the  east  end  of  South  Beth- 
lehem, uses  an  old  river  deposit,  that  is,  material  deposited  by  the 
river  when  it  was  at  a  higher  level  that  it  is  now. 

At  AUentown  there  are  eight  brick  yards  with  a  total  daily  out- 
put of  203,500  and  which  employ  205  men.  The  bricks  are  all  manu- 
factured in  soft  mud  machines  excepting  those  in  one  yard  where 
they  are  made  by  hand.  Two  of  the  yards  dry  the  bricks  in  steam 
tunnel  dryers,  while  the  others  dry  in  racks  in  the  open  air.  Six 
of  the  yai'ds  use  residual  limestone  clay,  two  of  them  use  Alluviam 
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from  the  river  bottom,  and  one  uses  a  mixed  material  consisting  of 
residual  limestone  clay  and  shale  combined  with  some  river  deposit. 

Reading  has  9  brick  yards  employing  197  men  and  having  a  total 
daily  output  of  164,600  bricks,  which  does  not  include  the  paving 
or  fire-brick  factories.  There  are  18  kilns  and  3  soft-mud  machines 
in  use.  Six  of  the  nine  yards  manufacture  by  hand  only.  The 
bricks  are  all  dried  in  racks  in  the  air  except  in  one  yard  where  they 
are  dried  in  a  steam  tunnel.  The  residual  limestone  clay  is  used 
in  all  the  yards  except  two.  In  Robinson's  yard,  Schuylkill  and  Oley 
streets,  there  is  a  deposit  of  4  to  10  feet  of  yellow-brown  clay,  con* 
taining  numerous  water-worn  pebbles  and  boulders  varying  in  size 
from  2  to  10  inches  in  diameter.  The  pebbles  consist  of  quartzite  and 
limestone.  Underneath  the  pebbly  clay  is  a  light  gray  clay  partly 
laminated,  resting  on  limestone.  This  clay  deposit  is  more  than 
100  feet  above  the  present  level  of  the  river  and  300  feet  above  sea 
level  and  marks  a  higher  water  level  at  some  period  in  the  past  not 
definitely  known,  but  possibly  corresponding  to  the  Lafayette  stage. 

There  are  several  brick  yards  up  the  Schuylkill  Valley  above  Read- 
ing, nearly  all  of  which  use  the  alluvium  from  the  river  valley.  The 
largest  of  these  yards  is  that  operated  by  Tobias  Bros.  Co.  at  Ham- 
burg which  has  a  daily  output  of  22,000.  There  were  formerly  sev- 
eral other  brick  yards  in  operation  at  this  point  but  they  are  all 
idle  except  the  one  mentioned. 

Between  Shoemakersville  and  Bern  Station  there  are  two  red 
brick  yards  in  operation,  both  of  which  manufacture  by  hand  only. 
There  is  another  one  at  Leesport. 

At  Boyertown,  on  the  east  side  of  Berks  county,  is  a  small  brick 
yard  having  a  capacity  of  6,000  bricks  per  day.  The  clay  used  is 
a  variegated  gray,  yellow,  and  brown  residual  material  which  is 
worked  to  a  depth  of  about  six  feet. 

At  Lebanon  there  are  five  brick  yards  manufacturing  red  brick, 
two  of  which  manufacture  by  hand  only  and  three  use  soft-mud  ma- 
chines. The  total  daily  capacity  of  all  the  yards  is  60,000  and  the 
number  of  men  employed  is  63.  The  residual  limestone  clay  is  used 
at  all  the  yards. 

At  Harrisburg  there  are  three  companies  manufacturing  red  bricklsi, 
one  of  which  uses  shale,  while  the  others  use  old  river  deposits,  not 
the  alluvium  of  the  present  river  bottom,  but  a  deposit  that  marks 
a  higher  stage  of  the  water  and  may  possibly  correspond  to  the 
formation  known  as  the  Lafayette.  The  daily  output  of  the  three 
yards  in  1898  was  82,500,  while  the  number  of  men  employed  was 
97.  One  of  the  yards  manufactures  by  hand  only,  one  uses  a  soft- 
mud  machine  and  one  that  manufactures  from  shale  uses  a  stiff-mud 
wire-cut  machine. 

Circumstances  prevented  me  from  visiting  the  brick  yards  at 
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Carlisle.  The  directory  states  that  there  are  four  yards  there,  oper- 
ated by  J.  E.  Bamitz,  J.  Spotts,  Spahr  Brothersi  and  A.  A.  Thomp- 
son. 

Chambersburg  has  one  productive  brick  yard  with  a  capacity  of 
30,000  per  day;  Greencastle  has  one  with  a  capacity  of  10,000,  and 
Waynesboro  has  two  with  a  combined  capacity  of  25,000.  All  of 
them  manufacture  with  soft-mud  machines  and  all  use  residual 
limestone  clay.  There  is  one  yard  in  Gettysburg  but  it  was  not  in 
operation  in  July,  1899.  It  uses  a  residual  yellow  clay  from  the  dis- 
integration of  the  trap  rock  that  is  so  abundant  in  various  parts  of 
the  Gettysburg  battlefield. 

The  city  of  York*  has  four  brick  yards  having  a  daily  output  of 
125,000  and  employing  125  men.  The  bricks  are  made  from  a  re- 
sidual limestone  clay  and  are  molded  on  soft-mud  machines  and 
burnt  in  common  up-draft  kilns. 

Columbia  has  two  brick  yards,  one  of  which  uses  residual  lime- 
stone clay  and  manufactures  by  the  soft-mud  process.  The  daily 
output  is  20,000.  The  other  company  uses  shale,  the  stiff-mud  ma- 
chine, and  manufactures  a  vitrified  brick  (See  Chapter  IV). 

At  Lancaster  there  are  four  red  brickyards  in  operation,  one  of 
which  was  opened  in  1862,  one  in  1867,  one  in  1870,  and  one  in  1872. 
They  all  use  the  soft-mud  machine,  but  a  few  are  made  by  hand  to 
satisfy  a  local  demand.  The  daily  output  of  the  four  yards  is  87,000 
and  138  men  are  employed.  Residual  limestone  clay  is  used  and  a 
fairly  good  quality  of  brick  is  produced. 


•The  data  for  the  brick  Industry  at  York,  Columbia  and  Lancaster  were  collected  by  Mr.  Ia  E. 
YounfiT,  a  resident  of  Columbia  and  mtmber  of  the  class  of  1900  in  the  Pennsylvania  State  Cbl- 
lesre. 
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List  of  the  Red  Brick  Yards  in  the 


Name  of  Oompwiy. 


Location. 


Qroman  Bros. 

Jaa  A.  Benner 

Aaron  Levers 

Henry  Irwin,   

Stephen  Rader 

Swoyer  Bros 

Taylor  Rhodes 

David  W.  Mattem.  

Nonnemacher  Bros 

Eklwln  KIchllne,  

C.  C.  Sensenbach 

Grim  Bros.,    

West  End  Brick  Oa 

Walters 

Daniel  Hoch,    

T.  D.  Bausher  &  Co 

G.  A.  Boyer 

G.  W.  Drexel 

West  Reading  Brick  Co 

C.  Kaltenbach 

S.  Kline 

W.  H.  Parker,  

Jno.  H.  Prints  &  Co.,  

W.  G.  Robinson,   

Tobias  Bros.  Co 

Sam'I  Landis,    

Peerless  Brick  Co 

John  Dressier 

Matthias  Schwegler 

Dan'l  Light 

Jos.  Light 

Steelton  and  Harrlsburg  Brick  Co., 

May  &  Reed,  

S.  L.  Blgler 

J.  B.  Spahr 

Adam  Walters 

D.  B.  Johnson,  

Haley  &  Hess 

Edw.  Peffer,   

L  Frey  &  Cb 

Wm.  Grothe,    

BenJ.  Kissinger  &  Son,   

John  Horn 

The  Columbia  Brick  Co 

D.  F.  Gohn 

Adam  Pontz 

Jacob  Ponts,  

C.  Wise  &  Brother 

James  Pranglen 


Bethlehem, 

Bethlehem, 

Bethlehem, 

Bethlehem, 

Bethlehem, 

Allentwon, 

Allentown. 

AUentown, 

Allentown, 

AUentown, 

Allentown, 

Allentown, 

AUentown, 

Nazareth, 

Oley, 

Reading, 

Reading. 

Reading, 

Reading. 

Reading. 

Reading, 

Reading, 

Reading, 

Reading, 

Hamburg, 

Boyertown, 

Lebanon. 

Lebanon. 

Lebanon, 

Lebanon. 

Lebanon. 

Harrlsburg  and  Steelton. 

Harrlsburg, 

Harrlsburg, 

Chambersburg, 

Greencastle, 

Waynesboro, 

Waynesboro, 

Gettysburg, 

York, 

York, 

York, 

York. 

Columbia, 

Colimibia, 

Lancaster, 

Lancaster, 

Lancaster. 

Lancaster, 


Number 

of 
kUns. 
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Number  and   kind   of 
machlnea 


1  Chambers,    . 
1  N.  H.  S.  M., 

Hand,    

Hand,    

IS.  M 

1  Martin 

Hand 

1  Quaker 

1  Martin 

1  New  Haven, 

1  Martin.   

1  8.  M.,    

1  S    M.,    

1  Martin 

Hand,    


1  Martin, 
1  Martin, 
1  Martin, 


1  Martin,  

Hand 

Hand 

1  Martin 

1  Martin 

1  S.  M.  n.  p 

Hand 

1  Monarch,  

Hand 

1  BlfiT  Wonder 

1  Martin 

1  Iron  Quaker,    ... 


1  Martin 

1  Martin 

1  Martin 

1  Martin 

1  Martin 

1  Martin.   .... 
1  Chambers, 
1  Martin,   .... 

1  B£artln,   ... 

2  Martin 

1  Martin, 


Mode  of  drylnff. 


Tunnel, 

Sheds, 

Sun,    . . 

Sun.    . . 

Sheds, 

Tunnel, 

Sun,    . . 

Racks, 

Racks, 

Racks, 

Racks, 

Tunnel, 

R^cks, 

Racks, 


Kind  of  clay  or  shale. 


Air.  ... 
Air.  ... 
Air,  ... 
Air.  ... 
Air.  ... 
Tunnel, 
Air,  ... 
Air,  ... 
Air,  ... 
Air.  ... 
Sun.  . . 
Sun.    . . 


Racks, 
Racks, 
Steam, 
Racks, 
Steam, 
Racks. 
Racks, 
Racks, 
Racks, 
1  Prangley Steam, 


Sun,  ... 
Sun,  ... 
Rack,   . 
Racks. 
Racks, 
Racks, 


Res.  1.  s., 
Riv.  dep., 
Surface,  . 
Surface,  , 
Res.  I.  s., 


Res.  1.  s., 
Rlv.  dep., 
Res.  1.  8., 


Res.  1.  a.. 
Res.  1.  s., 
Rlv.  dep.. 

Mixed 

Res.  1.  8., 
Res.  1.  8., 


Limestone, 

Limestone, 

Limestone, 

Limestone, 

Limestone, 

River  dep., 

Limestone, 

Limestone, 

Riv.  dep.,   . 

Alluvium,    . 

Alluvium.    . 

Limestone, 

Limestone, 

Limestone. 

Limestone. 

Limestone. 

Alluvium,    . 

Alluvium,    . 

Shale,    

Limestone, 

Limestone, 

Limestone, 

Limestone, 

Diabase,    . . 

Limestone, 

Limestone, 

Limestone. 

Limestone, 

Limestone, 

Limestone, 

Limestone, 

Limestone, 

lilmestone. 

Limestone, 


Date 

of 

beerinningr. 


1886 


1888 


1887 
1845 


18o8 
1873 


1887 
1878 


1878 
1898 


1885 
1894 
1891 
1899 
1894 
1869 
1867 
1872 
1870 
1862 
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Chapter  IV. 


THE  VITRIFIED  PAVING  BRICK  INDUSTRY. 

The  vitrified  paving  brick  industry  is  assuming  considerable  pro- 
portions in  the  Great  Valley  area,  although  it  is  yet  in  its  infancy. 
All  of  the  plants  are  comparatively  new  and  almost  without  excep- 
tion they  are  constantly  increasing  their  output,  as  the  demand  keeps 
continually  ahead  of  the  supply.  When  one  considers  the  numerous 
cities  and  villages  in  this  prosperous  region  and  the  poor  streets  in 
many  of  them,  it  is  reasonable  to  suppose  that  the  demand  for  vit- 
rified brick  will  continue  to  increase.  The  constantly  growing  de- 
mand for  better  roads  may  lead  to  the  use  of  bricks  for  country 
roads.  If  care  is  taken  to  keep  the  quality  of  the  bricks  up  to  a  high 
standard  and  equal  care  is  taken  to  properly  drain  the  road  bed 
and  place  the  bricks  on  a  good  foundation,  it  is  questionable  if  any 
better  pavement  can  be  found  for  village  streets  or  even  country 
roads  where  the  prosperity  of  the  region  will  justify  it.  It  is  a  little 
more  expensive  in  first  cost  than  a  macadamized  road  but  it  prob- 
ably is  no  more  expensive  nor  even  as  much  so  if  one  considers  the 
quality  of  the  road  and  the  cost  of  repairs.  There  is  a  sufficient 
quantity  of  good  material  in  and  bordering  the  Great  Valley  to  pave 
all  the  streets  and  roadways,  and  it  is  only  reasonable  to  suppose 
that  there  will  be  an  increased  activity  in  the  manufacture  of  vitri- 
fied brick  until  a  large  portion  of  the  streets  and  roads  is  paved  with 
them. 

There  are  four  paving-brick  plants  in  the  Great  Valley,  all  of  them 
towards  the  eastern  part  of  it;  three  near  Reading  and  one  near 
Allentown.  The  yard  at  Montello,  10  miles  west  of  Reading,  is  the 
most  western  one  in  the  valley.  There  are  three  others  near  the 
valley  with  direct  railway  communication  into  it.  Two  of  these  are 
down  the  Schuylkill  valley  below  Reading  and  one  at  Columbia,  in 
Lancaster  county. 

All  of  the  factories  use  shale,  but  not  all  from  the  same  horizon. 
Three  of  them,  Montello,  Pawling  and  Oaks  Station,  use  the  Triassic 
or  New  Red  Shale.  One,  Hamburg,  uses  the  Hudson  River  shale, 
and  two,  Reading  and  Guth's  Station,  use  shale  from  the  Cambro- 
Ordovician  series. 

The  Montello  Clay  and  Brick  Company's  plant  is  located  at  Mon- 
tello, near  Sinking  Springs,  Berks  county.    It  started  in  1891  by 
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manufacturing  red  building  brick  from  the  residual  limestone  clay 
on  a  soft-mud  machine.  But  this  was  soon  abandoned  and  the  Tri- 
assic  red  shale  was  used.  The  bricks  were  made  by  the  stiff -mud  pro- 
cess and  burned  to  vitrification.  The  daily  output  is  50,000,  about 
half  of  which  are  used  for  building  brick  and  half  for  paving  brick. 
The  principal  markets  are  Philadelphia,  Lancaster,  and  intermediate 
towns. 

The  bricks  are  made  from  the  Triassic  or  New  Red  shale  which  is 
obtained  about  three  miles  southwest  of  the  works  in  the  railway 
cut  on  the  Lancaster  branch  of  the  Philadelphia  and  Reading  Rail- 
way. 

This  railway  cut  is  on  the  divide  between  the  Lancaster  plains 
on  the  south  and  the  Lebanon  valley  on  the  north.  There  is  an 
unlimited  supply  of  the  shale  occurring  associated  with  intercalary 
beds  of  sandstone  and  conglomerate  which  are  quarried  along  with 
the  shale  and  used  for  railway  ballast  and  building  stone. 

The  company  used  some  white  clay  from  the  mountain  south  of 
the  works  for  the  manufacture  of  fire-brick,  but  this  industry  was 
abandoned  several  years  ago.  This  year  (1899)  the  company  re- 
opened the  white  clay  pit  for  use  in  the  manufacture  of  white  paving 
brick  in  order  to  meet  the  demand  for  the  same  in  the  Philadelphia 
market. 

A  report  of  the  tests  on  the  vitrified  brick  from  Montello  will  be 
found  in  our  report  for  last  year.* 

The  Reading  Shale  Brick  Company  began  operations  in  1896.  The 
plant  is  located  on  the  Philadelphia  and  Reading  Railway  about  one 
mile  easit  of  Reading.  They  manufacture  both  building  and  paving 
vitrified  red  brick  and  have  a  daily  capacity  of  48,000. 

The  bricks  are  manufactured  from  a  yellowish  brown  shale  which 
occurs  inter-stratified  in  the  Cambro-Ordovician  limestone.  A  thick- 
ness of  25  to  30  feet  of  the  shale  is  used,  but  a  well  sunk  in  the  yard 
130  feet  deep  is  said  to  show  the  shale  to  continue  of  uniform  qual- 
ity to  that  depth,  thus  indicating  an  unlimited  supply.  An  analysis 
of  the  shale  which  was  furnished  by  the  company  shows  the  follow- 
ing composition:  Silica,  58  per  cent.;  alumina,  32.41  per  cent.;  ferric 
oxide,  8  per  cent.;  manganese  oxide,  1.5  per  cent.  The  manganese 
appears  as  a  blue-black  stain  in  the  seams  of  the  shales,  while  the 
iron  impregnates  it  as  a  yellowish-brown  ferric  oxide.  The  compara- 
tively high  percentage  of  iron  indicates  rather  low  refractory  power 
which  is  further  indicated  by  the  glassy  appearance  of  many  of  the 
bricks  which  are  burnt  to  a  glassy  texture. 

At  Hamburg  the  Mack  Brick  Company  manufactures  vitrified  red 
brick  from  the  Hudson  River  shale.f 

•See  Clays  and  Clay  Industries  of  Pa.  (II).  1898,  pp.  61-62. 

tThere  was  no  one  at  the  works  which  were  Idle  at  the  time  of  my  visit,  and  particulars  are 
not  at  hand.  /-^  t 
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At  Perkiomen  Junction  (Pawling  P.  O.)  the  McAvoy  Vitrified 
Brick  Company  has  been  in  operation  since  1894.  The}'  manufac- 
ture vitrified  paving  and  building  brick,  the  latter  being  of  minor  im- 
portance. The  daily  output  is  40,000  paving  brick,  which  are  shipped 
to  Philadelphia  and  intermediate  points.  The  material  used  is  the 
Triassic  or  New  Red  shale.  A  report  of  the  tests  of  this  brick  will 
be  found  in  our  last  year's  clay  report.* 

At  Oaks  Station  on  the  north  side  of  the  Schuylkill  river  The  Per- 
kiomen Brick  Company  manufactures  vitrified  red  paving  brick,  hav- 
ing a  daily  output  of  40,000  bricks  which  are  burnt  in  a  16-cham- 
bered  continuous  kiln.  The  material  used  is  the  Triassic  or  New 
Red  shale  which  is  here  partially  disintegrated  to  clay.  They  quarry 
a  thickness  of  about  20  feet  of  it,  but  the  supply  is  practically  inex- 
haustible. 

The  Allentown  Paving  Brick  Company's  plant  is  located  at  Guth's 
Station  near  Allentown,  and  has  been  in  operation  since  1896.  They 
have  a  daily  output  of  18,000  red  paving  bricks  and  the  material  used 
is  a  yellowish-brown  shale,  resembling  somewhat  the  hydromica 
slates  inters t ratified  in  the  Ordovician  limestone.  It  is  not  clear 
from  the  examination  of  this  single  locality,  whether  the  shale  at 
this  point  is  in terst ratified  in  the  limestone  or  is  part  of  the  Utica- 
Hudson  River  beds  overlying  the  limestone.  The  chief  market  is 
Allentown  where  the  bricks  are  used  in  large  quantities  for  paving 
the  city  streets. 

The  Columbia  Brick  Company  manufacture  vitrified  building  and 
paving  brick  and  common  red  building  brick.  They  began  opera- 
tions April  1, 1894,  and  have  a  daily  output  of  23,000.  The  principal 
markets  are  Columbia,  York  and  Chester  counties.  The  following 
is  a  record  of  the  tests  of  their  vitrified  brick:  Cross-breaking 
strength,  4,452  pounds  per  square  inch;  crushing  strength,  20,000 
pounds  per  square  inch;  impact  test  (Johnson's),  60  minutes,  24-inch 
rattler,  5.11  per  cent.;  absorption  of  water,  1.09  per  cent. 


•Clays  and  Clay  Industries  of  Pa.,  II,  1898.  pp.  61  and  62. 
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Chapter  V. 


ORNAMENTAL  BRICK  AND  TILE. 

A  considerable  number  of  the  companies,  listed  under  the  head- 
ing of  red  building  brick  in  Chapter  III,  also  manufacture  a  red 
pressed  brick  suitable  for  fronts.  Likewise  the  vitrified  brick 
manufacturers  make  red  front  brick.  Outside  of  these  there  are 
only  two  companies  manufacturing  ornamental  building  brick  in 
the  area  under  discussion,  both  of  which  are  in  the  South  Mountain, 
in  Cumberland  county. 

The  Fuller  Brick  and  Slate  Company,  Limited,  at  Pine  Grove 
Furnace,  Cumberland  county,  has  been  in  operation  since  1892. 
They  manufacture  ornamental  dry-press  brick  at  the  rate  of  12,000 
per  day.  They  make  both  the  light  and  red-colored  brick,  the  light- 
colored  by  a  mixture  of  clay  and  soapstone,  the  red  by  a  mixture  of 
clay  and  black  slate,  in  both  cases  the  clay  serving  as  a  bond,  and 
the  soapstone  and  slate  forming  the  body.  The  soapstone  is  quar- 
ried from  a  hill  half  a  mile  north  of  the  works;  the  slate  is  obtained 
from  a  quarry  three  miles  southeast  of  the  works,  and  the  clay  is 
obtained  from  Laurel  Station,  two  miles  down  the  Hunter's  Run  and 
Slate  Belt  Railway.  They  manufacture  many  different  sizes  and 
shades  of  the  red,  buff  and  light-colored  ornamental  building  bricks.* 

Mt.  Holly  Brick  and  Clay  Company  began  operations  in  July, 
1898,  with  a  combined  plant  for  refining  clay  and  manufacturing 
bricks.  The  aim  is  to  refine  white  clay  for  the  potters  and  paper 
manufacturers  and  to  use  the  by-product  in  the  manufacture  of  or- 
namental bricks.  The  brick  manufacturing  branch  of  the  industry, 
however,  has  developed  much  more  rapidly  than  the  clay  refining 
and  has  overshadowed  it  in  importance.  There  is  an  urgent  demand 
in  the  market  at  present  for  white  and  light-colored  ornamental 
building  brick.  The  Mt.  Holly  Company  is  able  to  furnish  the  kind 
of  material  required  and  now  finds  itself  taxed  to  the  utmost  to  fur- 
nish it  in  sufficient  quantity.  They  use  a  mixture  of  white  clay  from 
Upper  Mill  and  Henry  Clay  mines,  and  white  sand  from  the  pits 
near  the  works.  The  bricks  are  manufactured  on  a  stiff-mud,  side- 
cut  brick  machine  having  a  capacity  of  40,000  per  day.  They  are 
then  put  through  steam-repressing  machines  and  taken  to  the  dry 

•The  data  were  obtained  In  1898.    The  company  has  no  doubt  made  many  improvements  since 
that  time. 
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floor,  after  which  thej  are  burnt  to  the  stage  of  incipient  vitrification 
in  Eulaly  down-draft  kilns.  The  bricks  are  burnt  for  14  days  and 
allowed  the  same  period  for  cooling.  They  more  nearly  resembled 
stone  in  appearance  than  almost  any  other  brick  in  the  market.  They 
are  burnt  harder  than  the  ordinary  building  brick  but  have  not  the 
glassy  appearance  of  many  vitrified  bricks. 

The  Penn  Tile  Works  at  Bendersville  Station  (Aspers  postoffice),  on 
the  south  side  of  the  South  Mountains,  has  been  in  operation  since 
1892.  They  use  clays  from  different  points  in  the  South  Mountain 
and  manufacture  encaustic  floor  tiling  of  different  colors  and  pat- 
terns. 

While  the  above  mentioned  are  the  only  companies  manufacturing 
ornamental  brick  in  the  Great  Valley  South  Mountain  area  at  the 
present  time,  the  great  demand  for  light-colored  brick,  the  vast  quan- 
tities of  material  suitable  for  their  manufacture,  and  the  comparative 
nearness  to  the  large  eastern  marketa  would  all  suggest  a  probably 
large  increase  in  this  industry  in  the  near  future.* 


Chapter  VI. 


NOTES  ON  ECONOMIC  PRODUCTS  OTHER  THAN  CLAYS  IN 
SOUTHEASTERN  PENNSYLVANIA. 

In  the  investigation  of  the  clays  it  was  possible  to  make  observa- 
tions on  many  other  economic  products  in  the  same  area,  but  it  was 
not  possible  from  lack  of  time,  to  follow  up  these  observations  with 
a  thorough  investigation.  They  are  mentioned  here  in  the  form  of 
brief  notes  rather  than  as  an  attempt  at  a  thorough  discussion. 

Graphite. — Graphite  occurs  at  many  points  in  the  mica  schist 
areas  of  southeastern  Pennsylvania  and  is  at  present  mined  in  four 
different  localities  in  Chester  and  Berks  counties. 

At  Byers  Station,  in  Chester  county,  it  has  been  mined  for  many 
years  until  the  works  were  recently  destroyed  by  fire.  The  product 
was  shipped  to  Bethlehem  and  Reading  for  use  as  foundry  facings. 

A  mile  east  of  Chester  Springs,  Chester  county,  in  1897,  the  Phila; 
delphia  Graphite  Company  opened  a  mine  and  erected  a  refining  plant 
which  is  now  producing  a  superior  grade  of  graphite  at  the  rate 
of  about  2  tons  per  day.  The  mineral  occurs  in  two  veins,  one 
about  4  feet,  the  other  about  six  feet  thick  in  a  decayed  mica  schist 

*The  ornamental  brick  factories  in  the  more  southeastern  counties  were  deacrlfeSt  in  cnUV-f^QT^ 
for  the  last  year,  1898.  Digitized  by  VjOOvLC 
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and  forms  aboat  50  per  cent,  of  the  vein  material  which  is  mined, 
crushed  and  worked,  the  graphite  being  separated  from  the  rock 
material  in  the  last  process.  It  is  further  refined,  carefully  graded 
and  put  into  sacks  for  shipment. 

At  Pikeland,  a  few  miles  north  of  Chester  Springs,  is  an  abandoned 
graphite  works  and  mine.  At  Boyertown,  in  Berks  county,  is  a 
graphite  mine  said  to  have  been  opened  many  years  ago,  but  it  did 
not  prove  profitable  because  no  attempt  was  made^o  refine  the  ma- 
terial at  the  mines  and  the  expense  of  shipping  all  the  waste  ma- 
terial was  too  great.  In  1899  The  Boyertown  Graphite  Company 
erected  a  refining  mill  in  which  the  graphite  is  separated  from  the 
waste  material  and  the  industry  promises  to  be  profitable. 

Near  Mertztown,  Berks  county,  a  graphite  mine  was  opened  20 
years  ago  and  was  operated  at  short  intervals  by  several  parties 
and  then  remained  idle  until  1897  when  The  Penn  Graphite  Com- 
pany erected  a  refining  mill  and  is  now  producing  graphite  at  the 
rate  of  about  two  tons  per  day.  It  occurs  in  a  coarse-grained  sand- 
stone in  a  lenticular  vein  which  is  said  to  have  a  maximum  thickness 
of  39  feet.  The  sandstone  in  which  the  graphite  occurs  is  so  dis- 
integi*ated  that  the  material  can  readily  be  removed  with  a  pick  and 
shovel,  no  blasting  being  necessary.  The  material  is  crushed  in 
rolls  and  the  graphite  separated  from  the  sand  by  washing  and  by 
air  currents.  The  sand  is  shipped  to  the  foundries  for  use  as  mould- 
ers' sand. 

Garnet. — Near  Chelsea,  Chester  county,  are  two  large  garnet 
mines  where  common  garnets  occur  in  great  numbers  in  the  mica 
schist  rock,  forming  about  75  per  cent  of  the  whole  mass.  The  gar- 
nets are  considerably  distorted  and  irregular  in  outline,  none  of 
them  presenting  perfect  crystal  forms.  The  material  is  quarried, 
crushed  in  rolls,  and  put  through  a  washing  process  in  which  the 
heavier  garnets  are  separated  from  the  lighter  rock  material.  The 
product  is  screened  and  separated  into  four  sizes  and  shipped  to  the 
office  of  the  company  in  Brooklyn  where  it  is  further  separated  into 
28  sizes  and  used  for  making  sand  paper. 

Iron  ores. — At  one  time  southeastern  Pennsylvania  was  the  centre 
of  the  iron  industry  of  the  United  States  and  it  still  contains  vast 
quantities  of  valuable  iron  ore,  although  it  has  lost  its  commercial 
importance  by  the  discovery  and  development  of  richer  ore  deposits 
in  other  localities.  The  two  forms  of  the  ore  which  occur  abund- 
antly in  this  region  are  magnetite  and  limonite. 

The  Cornwall  magnetite  mine  is  one  of  the  oldest  and  most  pro- 
ductive mines  not  only  in  this  region,  but  in  the  United  States.  It 
is  still  producing  at  the  rate  of  about  half  a  million  tons  per  year. 
There  are  numerous  other  magnetite  mines  in  Berks,  Chester  and 
Lehigh  counties,  many  of  which  are  now  idle  and  have  been  for  arT^ 
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number  of  years.  There  are  several  mines  still  producing  magnetite 
in  the  northeast  corner  of  Berks  county,  at  Red  Lion,  Siiesholtsville, 
and  Mertztown.  At  one  of  the  mines  near  Red  Lion  is  a  large  mag- 
netic separator  constructed  on  the  Edison  plan.  There  is  another 
group  of  magnetite  mines  near  Dillsburg,  York  county,  which  were 
very  productive  a  few  years  ago,  but  only  one  of  which  is  in  opera- 
tion at  present,  that  is  the  Logan  mine,  which  is  producing  at  the 
rate  of  40  tons  per  day. 

The  limonite  mines  are  numbered  by  hundreds  and  occur  along 
the  entire  length  of  the  Great  Valley  from  the  Delaware  river  to  the 
Maryland  State  line,  and  in  scattered  numbers  at  many  points  out- 
side of  the  Great  Valley.  Most  of  these  are  surface  pits  from  which 
varying  quantities  of  ore  have  been  taken  and  many  of  which  are 
now  idle  and  have  been  for  many  years.  The  development  of  the  vast 
ore  deposits  in  the  Lake  Superior  region  and  elsewhere  has  had  a 
depressing  effect  on  these  comparatively  low  grade  limonite  ores. 
However,  a  few  of  these  mines  have  been  in  continuous  operation 
and  a  number  of  others  have  been  reopened  during  the  past  two  years 
since  the  great  advance  in  the  price  of  iron.* 

Cement. — ^The  manufacture  of  natural  rock  cement  is  now  one  of 
the  most  important  industries  of  eastern  Pennsylvania.  For  many 
years  this  industry  has  been  carried  on  profitably  at  Coplay  and  Cat- 
asauqua  and  has  been  constantly  growing  in  importance.  There 
are  now  (1899)  20  cement  mills  in  operation  in  Lehigh  and  Northamp- 
ton counties  in  the  region  about  Coplay.  Several  new  mills  are  being 
constructed  this  year  and  many  of  the  others  are  enlarging  their  ca 
paeity.  Among  the  new  mills  recently  constructed  may  be  men- 
tioned two  at  Nazareth,  Northampton  county,  one  at  Sandt^s  Eddy, 
on  the  Delaware  river,  one  at  Egypt,  one  near  Ironton,  and  one  near 
Molltown,  in  Berks  county. 

The  rock  used  in  the  manufacture  of  cement  is  an  argillaceous 
black  limestone  of  Trenton  age,  which  apparently  forms  a  continu- 
ous belt  along  the  northern  portion  of  the  limestone  area  of  the 
valley  not  far  from  the  contact  of  the  Trenton  limestone  with  the 
overlying  Utica  slate.  It  is  quite  probable  that  further  investiga- 
tions will  show  this  cement-rock  to  be  much  more  widely  distributed 
than  present  developments  would  indicate. 

Slate. — Another  very  large  and  important  industry  in  eastern 
Pennsylvania  is  the  quarrying  of  slate  and  its  preparation  for  mar- 
ket. More  than  half  the  slate  produced  in  the  United  Stat^  comes 
from  Eastern  Pennsylvania  from  two  areas,  one  the  Slatington  re- 
gion in  the  Lehigh  valley,  in  Lehigh  and  Northampton  counties  and 

•For  description  of  these  limonite  mines  aa  they  appeared  20  years  agro  see  the  various  county 
reports  of  the  Second  Pennsylvania  Qeologrtcal  Survey;  for  discussion  of  the  genesis  of  the  ores 
•ee  paper  by  the  writer  In  Vol.  II  of  Bulletin  of  Geological  Society  of  America. 
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the  other  the  Peach  Bottom  bolt  in  York  county  on  the  southern 
border  of  the  State  and  extending  into  Maryland. 

Paint. — ^The  centre  of  the  minenil  paint  industry  of  eastern  Penn- 
sylvania is  in  the  Lehigh  valley  north  of  the  slate  belt,  but  yellow 
ochres  are  mined  at  several  localities  along  the  Great  Valley. 

Soapstone. — 8oapstone  occurs  in  commercial  quantities  in  several 
localities  in  eastern  Pennsylvania.  The  only  place  where  it  is  quar 
ried  at  present  is  at  Easton  but  in  past  years  it  has  been  mined  in 
considerable  quantities  at  I^afayette  Station,  near  Philadelphia. 

Corundum. — Corundum  is  not  mined  at  present  in  Pennsylvania 
but  it  was  formerly  produced  in  considerable  quantities  near  Union- 
ville  and  in  smaller  quantities  at  other  localities  in  Chester  county. 

Chromite. — Chromite  occurs  at  many  places  in  the  serpentine  areas 
in  Chester  and  Lancaster  counties.  It  is  mined  at  present  near 
Sylmar,  Chester  county,  and  was  formerly  mined  quite  extensively 
at  Woods'  mine,  in  southern  Lancaster  county,  and  at  Chrome,  in 
Chester  county. 

Copper. — Copper  has  been  mined  near  Phoenixville,  in  Chester 
county,  at  the  Gap  Nickel  mine,  in  Lancaster  county,  which  was 
later  worked  for  nickel,  and  in  the  South  Mountain  region,  York 
county. 

Zinc  and  lead. — ^Zinc  was  formerly  mined  quite  extensively  at 
Friedensville,  in  Lehigh  county.  Zinc  and  lead  have  been  mined 
near  Phoenixville^  in  Chester  county,  and  at  several  points  in  Lan- 
caster county.  Both  metals  have  been  mined  in  Blair  county,  near 
TjTone. 

Building  stones. — There  is  a  considerable  variety  of  valuable 
building  stones  in  eastern  Pennsylvania,  nearly  every  class  being 
represented. 

White  and  clouded  marbles  are  quarried  extensively  at  King  of 
Prussia,  in  the  Little  Chester  Valley,  and  at  Avondale,  in  the 
southern  part  of  Chester  county.  Large  marble  quarries  were  for- 
merly operated  near  Conshohocken  and  Marble  Hall,  in  Montgomery 
county,  furnishing  much  of  the  material  for  the  handsome  buildings 
of  Girard  College  and  the  hundreds  of  white  marble  steps  and  win- 
dow sills  in  Philadelphia. 

The  limestone  through  the  Great  Valley  and  the  parallel  limestone 
valleys  furnishes  a  good  rough  building  stone  and  is  also  used  quite 
extensively  for  burning  lime,  for  furnace  flux,  and  for  road  metal. 

Serpentine  has  been  quarried  extensively  for  building  stone  at 
several  places  in  Chester  county,  but  none  of  the  quarries  are  in 
operation  at  present. 

The  brown  sandstone  of  the  Tiiassic  or  Ned  Red  period,  which  is 
one  of  the  most  important  building  stones  in  eastern  Pennsylvania, 
is  fully  described  in  our  annual  report  for  1896. 
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The  granites  and  gneissoid  rocks  have  been  used  quite  extensively 
for  building  burposes  in  Philadelphia,  Delaware  and  Chester  coun- 
ties. 

The  trap  rocks  have  been  used  to  a  limited  extent  for  building 
stone  and  in  larger  quantities  for  road  metal.  It  is  one  of  the  best 
road-making  materials  in  the  State  and  should  be  used  in  much 
larger  quantities  than  it  is  at  present. 

Besides  the  above  mentioned  mineral  products  which  add  so  much 
to  the  commercial  wealth  and  importance  of  this  prosperous  and 
thickly  settled  area,  it  has  a  wonderfully  productive  soil.  The  Cam- 
bro-Ordovician  limestones  of  the  Great  Valley,  the  Little  Valley,  the 
Lancaster  and  York  county  plains,  and  the  nearly  parallel  belt  of 
the  Triassic  brownstones  and  shales,  both  furnish  rich  soils  which, 
under  the  skillful  tillage  of  the  thrifty  Pennsylvania  Germans,  rank 
among  the  most  productive  in  the  United  States. 
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^S^he  bulletins  and  reports  of  the  Station  will  be  mailed  regularly,  free 
of  charge,  to  all  residents  of  the  State  who  request  it,  so  far  as  the  supply 
will  permit.  Address,  Director  of  Experiment  Station,  State  College^  Centre 
County,  Pa, 

Visitors  will  be  welcomed  at  all  times  and  given  every  opportunity  to  inspect 
the  Station  in  all  its  departments. 
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FINANCIAL  STATEMENT,  1899-1900. 


A.  THE  UNITED  STATES  APPROPRIATION  FOR  THE  UNITED 
STATES  FISCAL  YEAR  ENDING  JUNE  30,  1900. 

The   Pennsylvania  State  College  Agricultural  Experiment  Sta- 
tion, in  account  with  the  United  States  appropriation,  1900. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States,  as 
per  appropriation  for  the  year  ending  June  30,  1900, 
under  act  of  Congress  approved  March  2,  1887, |15,000  00 

Cr. 

June  30.  By  Salaries, 113,300  08 

Publications,    426  21 

Postage  and  stationery, 89  09 

Heat,  light,  etc., 2  54 

Chemical  supplies,  299  40 

Seeds,  plants  and  sundry  sup- 
plies,      13  48 

Library, 75  10 

Tools,  implements  and  machin- 
ery,    10  75 

Furniture  and  fixtures, 22  50 

Scientific  apparatus,   445  39 

Live  stock,  54  02 

Traveling  expenses,  251  19 

Contingent  expenses, 10  25 

115,000  00 


State  College,  Pa.,  August  13,  1900. 

We,  the  undersigned,  duly  appointed  auditors  of  the  Experiment 
Station  accounts,  do  hereby  certify  that  we  have  examined  the 
books  and  accounts  of  the  Agricultural  Experiment  Station  of  The 
Pennsylvania  State  College  for  the  fiscal  year  ending  June  30,  1900; 
that  we  have  found  the  same  well  kept  and  classified  as  above,  and 
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that  the  receipts  for  the  year  from  the  Treasurer  of  the  United 
States  are  shown  to  have  been  $15,000.00,  and  the  corresponding  dis 
bursements  |15,000.00,  for  all  of  which  proper  vouchers  are  on  file 
and  have  been  bj  us  examined  and  found  correct,  thus  leaving  no 
balance  to  be  accounted  for  in  the  fiscal  year  beginning  July  1,  1900. 

H.  V.  WHITE, 
S.  R.  DOWNING, 

Auditors. 
Attest:  Geo.  W.  Atherton,  Custodian. 


B.  TOTAL  KECEIPTS  AND  EXPENDITURES,  ALL  SOURCES, 
FOR  THE  YEAR  ENDING  JUNE  30,  1900. 

Receipts. 


United  States 

appropriation 

account. 

General 
account. 

Total. 

U.  S.   appropriation 

115,000  00 

$15,000  00 

Fertiliser  analysis     .* 

$8,217  00 

15  82 

1.211  87 

235  07 

5,56»  18 

8,217  00 

The  Pennsylvania  State  Colleire    

15  82 

Live  stock,   

1,211  87 

Seed«,   plants,   etc.,    , 

235  07 

Excess  of  expenditures  over  receipts, 

6,569  18 

Total 

$15.000  00 

$15,248  M 

$30,248  94 

Expenditur 

es. 

United  States 
appropriation        General 
account.  account. 


Total. 


Salaries 

Publications,    

Postage,    

Heat  and  light 

Furniture  and  fixtures, 

Chemical   supplies 

Seeds,   plants,   etc 

Library,    

Contingent,     

Traveling 

Tools,    Implements,    etc.. 

Live  stock 

Scientific   apparatus,    . . 

Labor 

Fertilizers 

Feeding  stuffs 

Buildings  and  repairs.    . 


$13. 


Total, 


SCO  08 

426  21 

89  09 

2  54 

22  50 

299  40 

13  48 

^75  10 

'lO  25 

251  19 

10  75 

54  02 

445  39 


$1,566  65 
369  48 
238  18 
491  67 
.50 
288  58 


4  87 
353  99 
163  30 
415  06 


692  45 

4.858  72 

114  83 

925  70 

4,755  46 


$14,866  73 

795  69 

827  27 

494  21 

23  00 

697  98 

13  48 

79  47 

364  24 

414  49 

425  81 

54  02 

1,137  84 

4,858  72 

114  S3 

925  70 

4,755  46 


$15,000  00 


$15,248  94 


$30,248  94 
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REPORT  OF  THE  DIRECTOR. 


No  material  changes  in  the  activity  of  the  Experiment  Station 
have  occurred  within  the  past  year,  but  the  work  along  the  lines  of 
experiment  previously  undertaken  has  been  continued,  although 
with  some  interruptions  arising  from  the  increasing  demands  of  the 
work  of  instruction,  both  at  the  College  and  throughout  the  State 
at  large  through  the  medium  of  the  Correspondence  Courses  and 
the  Farmers'  Institutes. 

Ahi  nut  Natii  liHi: — The  construction  of  the  respiration  calori- 
meter in  co-operation  with  the  United  States  Department  of  Agri- 
culture has  been  continued  during  the  year  and  the  apparatus  is 
now  approaching  completion.  The  construction  of  a  special  build- 
ing for  this  apparatus,  which  was  authorized  by  the  Trustees  last 
year,  was  somewhat  delayed  on  account  of  necessary  changes  in  the 
plans,  but  the  building  was  completed  in  November,  since  which 
time  work  has  been  in  progress  upon  the  apparatus  itself.  The 
building  is  a  substantial,  one-story  structure  35x57  feet  outside,  of 
red  Mill  Hall  brick,  with  slate  roof.  The  interior  walls  are  all  of 
brick  and  these,  with  a  steel  ceiling,  render  the  building,  to  all  in- 
tents and  purposes,  fire  proof.  Special  care  was  taken  to  make  the 
interior  of  the  building  as  little  subject  to  the  changes  of  external 
temperature  as  practicable,  the  brick  walls  being  double  and  con- 
taining a  4-inch  air-space,  and  all  windows  being  provided  with 
storm  sash.  Even  during  the  coldest  weather  of  last  winter,  a 
very  small  amount  of  steam  sufficed  to  keep  the  building  at  a  com- 
fortable temperature. 

The  purpose  of  the  apparatus  is  to  determine  the  products  given 
off  in  the  respiration  of  an  animal  and  also  the  amount  of  heat  pro- 
duced during  the  same  time.  By  comparing  these  with  the  com- 
position and  heat-value  of  the  food  consumed,  it  will  be  possible  to 
determine  with  a  high  degree  of  accuracy  the  exact  use  which  is 
made  by  the  animal  of  the  various  elements  of  its  food  and  how  the 
percentage  utilization  is  affected  by  various  conditions.  The  appa- 
ratus consists  essentially  of  an  air-tight  box  of  sheet  copper  through 
which  is  led  a  current  of  air  whose  volume  and  composition  both 
before  and  after  passing  through  the  box  are  known.  The  animal 
under  experiment  is  placed  in  this  box  and  the  products  of  its  res- 
piration are  determined  in  a  fractional  part  of  the  air  current  just 
mentioned.     In  addition  to  this,  a  current  of  cold  watep^ passing 

Digitized  by  vIjDOQLC 


10  ANNUAL  REPORT  OF  Off.  Doc. 

through  a  series  of  copper  pipes  in  the  box,  serves  to  carry  awaj 
the  heat  given  off  by  the  animal,  the  amount  of  which  is  mea- 
sured by  the  weight  of  the  water  and  its  increase  in  teujperature. 
The  remainder  of  the  apparatus  consists  of  ingenious  and  somewhat 
complicated  devices  for  preventing  any  loss  of  heat  through  the 
walls  of  the  chamber  or  in  the  air  current.  All  these  things  in- 
volve a  vast  amount  of  detail  and  the  construction  of  the  apparatus 
has  necessarily  appeared  somewhat  slow.  It  is  now  anticipated, 
however,  that  test  experiments  can  be  made  with  it  at  an  early 
date. 

During  the  year,  an  experiment  pertaining  to  the  economy  of  dif- 
ferent methods  of  watering  and  handling  fattening  steers  has  been 
carried  out,  in  co-operation  with  the  State  Department  of  Agri- 
culture, by  the  Agriculturist  of  the  Station.  This  experiment  has 
been  conducted  at  the  College  barn  in  a  most  satisfactory  manner. 
As  two  or  more  car  loads  of  steers  are  annually  fattened  on  the  Col- 
lege farm,  it  will  be  desirable  to  repeat  this  experiment  on  a  larger 
scale  in  following  years  and  to  solve,  if  possible,  some  of  the  prac- 
tical questions  relating  to  the  feeding  of  fattening  animals  which 
now  confront  the  farmers  who  depend  upon  fattening  steers  each 
year  to  maintain  the  fertility  of  their  farms. 

Agricultural  Chemistry: — The  chemical  work  of  the  past  year  has 
been  to  a  large  extent  similar  to  that  of  previous  years.  The  two 
main  divisions  of  this  work  are  the  work  of  fertilizer  and  food  an- 
alysis for  the  State  Department  of  Agri(rulture  and  the  check  work 
required  by  our  own  investigations  in  the  field  and  stable.  In  ad- 
dition, a  considerable  number  of  samples  of  various  sorts  have  been 
received  for  analysis. 

As  in  the  preceding  years,  the  work  connected  with  the  State 
Fertilizer  Control  has  been  the  most  prominent  part  of  the  chemical 
work.  For  the  season  ending  July,  1801),  there  were  analyzed  in 
this  connection  four  hundred  and  three  (40:^)  samples  and  in  the  fall 
of  1899  three  hundred  and  thirteen  (:UI5).  In  addition  to  the  care  of 
the  chemical  work  and  valuations,  for  which,  as  in  past  years,  the 
Chemist  of  the  Statiim  was  responsible,  the  Chemist  was  also 
called  upon  this  year  to  prepare  the  Department  bulletins  present- 
ing the  results  of  the  work. 

In  addition  to  the  routine  work  above  noted,  a  considerable  amount 
of  work  of  investigation  has  been  carried  on  during  the  year  under 
the  direction  of  the  ('hemist  of  the  Station,  including  a  study  of  the 
mechanical  and  chemical  composition  of  three  bench  soils  for  roses; 
a  study  of  dried  distillery  waste;  a  chemical  study  of  the  humus  in 
the  soil  of  certain  of  the  plots  of  the  general  fertilizer  series;  and 
a  study  of  methods  of  cattle  food  analysis  for  the  Association  of 
Official  Agricultural  Chemists. 
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A  considerable  amount  of  chemical  work  has  also  been  under- 
taken on  behalf  of  ihe  State  Department  of  Agriculture  by  members 
of  the  Station  force,  including  a  study  of  the  chemical  and  mechan- 
ical effects  of  lime  upon  typical  Pennsylvania  soils;  a  study  of  the 
chemical  composition  of  the  apple  and  its  products;  and  a  study  of 
the  changes  which  cider  undergoes  in  its  conversion  into  vinegar. 
Investigations  are  also  in  progress  upon  the  composition  of  the 
crude  fiber  of  cattle  foods,  upon  certain  constituents  of  the  urine  of 
domestic  animals,  and  upon  the  use  of  the  bomb  calorimeter  for 
the  determination  of  sulphur  and  phosphorus  in  organic  materials. 

HM  Experiments: — The  work  in  this  Department  during  the  past 
year,  under  the  charge  of  the  Agriculturist,  has  consisted  chiefly 
in  carrying  out  the  plans  of  exi)eriments  that  have  been  in  progress 
for  a  number  of  years.  While  experiments  designed  to  test  the  ef- 
ficiency of  new  methods  and  the  utility  of  comparatively  new  plants 
have  not  been  ignored,  yet  the  larger  share  of  our  attention  has 
been  given  to  carrying  on  the  somewhat  extensive  fertilizer  tests 
which  have  been  in  progress  for  more  than  sixteen  years  and  the  va- 
riety tests  of  wheat,  oats  and  potatoes.  The  fertilizer  tests  in- 
clude each  year  thirty-six  plots  eaoh  of  four  cro[)s — wheat,  grass,  corn 
and  oats — the  plots  cf  each  crop  receiving  twenty-four  different 
kinds  of  treatment  as  regards  the  application  of  fertilizers.  As 
this  experiment  has  now  been  conducted  through  sixteen  years, 
or  four  complete  rotations  of  four  years  each,  the  data  obtained 
from  the  average  yields  of  the  various  plots  furnish  most  interest- 
ing information  and  will  be  the  subjects  of  forthcoming  bulletins. 

The  variety  tests  of  wheat,  oats  and  potatoes  have  furnished 
interesting  results,  showing  that,  under  uniformly  good  conditions, 
the  yield  depends  more  largely  upon  the  kind  and  quality  of  the  seed 
than  is  generally  supposed  by  the  practical  agriculturists  of  the 
State. 

For  three  years,  tests  have  been  made  of  seeding  land  to  crim- 
son clover.  Heretofore,  the  Station  has  been  called  upon  to  advise 
the  farmers  as  to  the  best  time  of  sowing  this  seed  without  having 
made  practical  experiment.  These  tests  have  each  year  given  cor- 
roborative and  decided  results. 

Various  soiling  crops  have  been  grown  with  a  view  of  comparing 
their  feeding  value,  as  well  as  to  test  the  ease  of  production  on 
the  somewhat  heaFy  clay  soil  of  the  Experiment  Station  Farm, 
which  fairly  represents  a  large  proportion  of  the  soil  of  central  and 
southeastern  Pennsylvania. 

The  field  experiments  with  fertilizers  upon  tobacco  in  Lancaster 
and  Bradford  counties  have  been  continued  from  previous  years  in 
charge  of  the  Chemist  of  the  Station.     A  partial  report  was  made 
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last  year  apon  the  field  results  and  a  similar  report  upon  other 
phases  of  the  work  is  in  preparation. 

^Dairying: — A  large  share  of  the  time  of  the  Dairy  Department 
has  been  taken  up  with  the  work  of  instruction  and  it  has  not  been 
found  practicable  to  initiate  any  extensive  researches,  but  inci- 
dentally, in  connection  with  the  work  of  the  Dairy  School,  a  number 
of  tests  of  separators  have  been  made.  A  series  of  experiments 
has  also  been  begun  upon  the  question  of  moisture  in  butter  in  the 
hope  of  getting  more  light  upon  the  influence  of  various  conditions 
in  determining  this  important  factor,  and  some  experiments  upon 
the  manufacture  of  dried  curd  are  planned. 

Horticulture:  —In  our  trial  grounds  we  have  maintained  the  planta- 
tions of  the  several  small  fruits,  testing  the  many  varieties  which 
are  sent  to  us  from  time  to  time  by  our  patrons.  An  experiment 
upon  whole  and  piece  root  apple  grafts  is  in  progress  and  the 
trees  are  making  satisfactory  growth,  but  a  long  period  of  years 
will  be  required  to  observe  any  permanent  effects  of  the  two  sys 
tems  of  propagation.  An  experiment  in  Ginseng  culture  is  pro- 
gressing to  our  satisfaction,  and  in  a  few  years  more  the  young  roots 
planted  will  have  reached  maturity  in  our  lattice  house. 

Considerable  alarm  has  been  aroused  by  the  growing  prevalence 
in  our  State  of  the  disease  of  nursery  trees  known  as  crown  gall. 
Our  efforts  in  the  past  two  years  to  find  a  remedy  have  not  yet  been, 
successful  on  account  of  the  difficulty  of  causing  the  disease  to  de- 
velop in  our  soil,  but  experiments  have  now  been  inaugurated  upon 
a  nursery  where  infected  soil  is  known  to  exist,  and  various  remedies 
are  being  tried  there. 

Publication^:— The  following  bulletins  have  been  issued  during  the 
year:  No.  46,  Variety  Tests  of  Wheat;  No.  47,  Tests  of  the  Sugar- 
Beet  in  Pennsylvania;  No.  48,  Winter  vs.  Spring  Wheat  Bran;  No. 
40,  Field  Fertilizer  Experiments  on  Tobacco;  No.  50,  Distillery 
Waste,  Miscellaneous  Cattle  Food  Analyses.  As  noted  in  the  last 
Report,  the  present  plan  of  publication  contemplates  comparatively 
brief  popular  bulletins,  freely  distributed,  while  the  Annual  Re- 
port, of  which  only  a  limited  edition  is  printed  by  the  State,  is  in- 
tended to  be  somewhat  more  technical  in  character  and  to  constitute 
the  place  of  ultimate  record  for  the  results  of  experiments. 

The  mailing  list  of  the  Station  has  been  revised  during  the  year. 
With  Bulletin  No.  46,  a  request  was  sent  out  for  acknowledgment 
from  those  who  desire  subsequent  bulletins.  Approximately  8,000 
were  thus  acknowledged  and  the  names  of  those  responding  have 
been  entered  on  the  new  mailing  list. 

The  correspondence  of  the  Station  during  the  years  has  been  quite 
extensive,  covering  the  usual  variety  of  subjects.  In  all  approxi- 
mately 5,000  letters  have  been  received  during  the  year. 
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Personnel: — But  few  changes  have  occurred  during  the  year.  Dr. 
M.  E.  McDonnell,  who  had  been  connected  with  the  Station  since 
1893,  resigned  October  1st  to  accept  a  position  as  Bacteriologist  of 
the  Pennsylvania  Railroad.  Mr.  A.  N.  Diehl  terminated  his  en- 
gagement as  Assistant  Chemist  at  the  close  of  last  year,  and  the 
Fellowships  in  Agricultural  Chemistry  and  Dairy  Husbandry  were 
filled  by  the  appointment  respectively  of  Messrs  H.  O.  Way  and  W. 
F.  Wood,  graduates  in  the  class  of  1899.  Both  these  gentlemen  re- 
signed during  the  year,  however,  to  accept  more  lucrative  positions 
on  large  farms. 

Library: — The  library  of  the  Station  is  being  catalogued  in  accord- 
ance with  the  modified  Dewey  system  as  proposed  by  the  Librarian 
of  the  United  States  Department  of  Agriculture.  It  now  contains 
about  1,300  volumes,  consisting  largely  of  technical  periodicals, 
particularly  foreign,  and  of  the  reports  and  bulletins  of  other  Sta- 
tions. 

Needs  of  the  Station: — ^The  farm  equipment  of  the  Station  is  in 
urgent  need  of  some  additions  and  improvements  to  bring  it  up  to 
the  standard  of  the  best  farm  practice,  which  it  ought  unquestion- 
ably to  maintain.  During  the  past  year,  a  stave  silo  of  a  capacity 
of  about  110  tons  has  been  added  to  our  farm  equipment.  We 
should,  however,  have  a  second  one  in  order  to  furnish  a  liberal  sup- 
ply of  silage  to  our  dairy  herd.  In  addition  to  this,  there  is  urgent 
need  for  a  suitable  implement  and  tool  house,  a  piggery  with  facili- 
ties for  experimental  work,  and  a  poultry  house  with  accommoda- 
tions for  incubators  and  brooders.  The  barn  yard,  which  is  now 
partly  roofed,  should  be  brought  entirely  under  roof,  and  the  cow 
stable  should  be  re-arranged  and  properly  floored  to  prevent  waste 
of  manure.  For  the  proper  development  of  the  horticultural  work 
of  the  Station,  a  green  house  or  houses  especially  for  experimental 
work  is  also  an  indispensable  requisite. 

As  I  have  pointed  out  in  previous  reports,  the  State  makes  no 
appropriation  for  the  current  work  of  the  Station  and  during  the 
thirteen  years  since  the  establishment  of  the  Station  has  appropri- 
ated but  119,000  for  equipment.  Other  States  inferior  in  wealth 
and  resources  to  Pennsylvania  have,  on  the  other  hand,  liberally 
supplemented  the  Hatch  fund  by  State  appropriations  and  as  a  con- 
sequence their  Stations  are  carrying  on  a  range  and  variety  of  work 
which  is  impossible  for  us  under  present  conditions.  This  fact,  I 
believe  to  be  worthy  the  serious  attention  of  the  Board  of  Trustees 
and  of  the  State.  Even  a  very  moderate  addition  to  the  annual  in- 
come of  the  Station  would  make  a  vast  difference  in  the  amount  of 
work  which  it  would  be  possible  to  undertake.  We  have  men  com- 
petent vto  carry  on  examinations  and  researches  which  would  be 
of  great  benefit  to  the  agriculture  of  the  Commonwealth,  birt  at  preys- 
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eDt  we  lack  the  means  to  make  the  most  efficient  use  of  these  men. 
As  a  measure  of  true  economy,  they  should  be  relieved  so  far  as 
possible  from  the  nlechanical  and  clerical  details  of  their  work 
which  now  consumes  too  much  of  their  energy  and  be  abundantly 
furnished  with  all  the  apparatus  and  equipment  necessary  for  ef- 
fective work. 
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THE  AGRICULTURAL  USE  OF  LIME. 


BY  WILLIAM  FREAR. 


I.  USE  OF  LIME  UPON  PENNSYLVANIA  SOILS. 

The  use  of  lime  as  a  soil  amendment  prevails  more  extensively  in 
I'ennsjlvania  than  in  any  other  portion  of  the  United  States.  The 
theories  and  methods  of  practice  differ  quite  widely,  however,  in 
different  portions  of  the  Sta4:e  and  there  is  constant  request  for  in- 
formation upon  the  various  points  of  practice.  To  meet  this  demand 
the  writer  was,  with  the  approval  of  the  Advisory  Board  of  this 
Station,  commissioned  by  the  Secretary  of  Agriculture  of  Pennsyl- 
vania to  conduct  an  inquiry  into  the  practice  of  liming  in  the  several 
counties  of  the  State  and  to  make  a  series  of  laboratory  investiga- 
tions upon  the  effects  of  lime  upon  typical  soils  of  the  State  that  were 
found  in  farm  practice  to  respond  well  to  applications  of  lime  and 
upon  the  relative  influence  of  magnesia  as  an  amendment — this  last 
topic  taking  its  importance  from  the  prevalance  of  highly  mag- 
nesian  limestones  in  many  parts  of  the  Commonwealth. 

The  inquiry  was  made  with  aid  of  many  public  spirited  corre- 
spondents in  the  various  counties  and  in  neighboring  States;  in  the 
compilation  of  limestone  analyses  the  details  of  the  work  were  per- 
formed by  Mr.  C.  A.  Browne,  Jr.  The  laboratory  investigations  were 
carried  out  in  the  laboratories  of  the  Station  and  with  the  aid  of 
my  assistants :  Messrs.  W.  S.  Sweetser,  M.  S.,  and  M.  S.  McDowell,  M. 
S.,  upon  the  effects  of  lime  and  magnesia  upon  the  nitrogen  and  or- 
ganic matter  of  the  soil;  and  Messrs.  C.  W.  Norris  and  C.  P.  Beistle, 
B.  S.,  upon  their  effects  upon  the  physical  charcter,  acidity,  carbon- 
atation  and  the  condition  of  the  potash  and  phosphoric  acid  of  the 
several  soils.  The  several  soil  samples  were  obtained  through  the 
interested  co-operation  of  Messrs.  L.  W.  Lighty,  Hon.  S.  M.  Wherry, 
John  Moyer,  J.  S.  Biddle,  Ed.  Anderson  and  Joel  A.  Herr.  To  each 
of  these  gentlemen  the  writer  is  under  much  obligation. 

The  results  of  the  inquiry  and  investigation  are  presented  as  Bul^ 
letin  No.  61  of  the  Pennsylvania  Department  of  Agriculture  and, 
since  the  scientific  work  has  been  performed  by  officers  of  this  Sta- 
tion exclusively,  are,  with  the  kind  permission  of  Hon.  John  Ham 
ilton,  Secretary  of  Agriculture,  incorporated  in  this  report.      ^  ^ 
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HESrO.iY  OF  LIM£NG. 

The  use  of  lime,  or  **burnt  lime,"  as  it  is  sometimes  called,  as  a 
means  of  increasing  the  productiveness  of  soils  dates  back  for  many 
centuries.  Existing  evidences  indicate  that  other  calcareous  sub- 
stances, such  as  marl  and  wood-ashes,  were  used  as  fertilizers  in  a 
number  of  localities  long  before  lime  itself  was  employed  for  a  sim- 
ilar purpose.  The  most  ancient  writers  of  Europe  dealing  with 
agricultural  processes,  refer  to  their  use.  Pliny  (died  A.  D.  79)  speaks 
of  the  application  by  the  Greeks  of  marl  to  certain  heavy  soils  as 
though  the  custom  were  one  long  known,  and  the  Roman  general, 
Varro  (died  B.  C.  28),  describes  the  applications  of  marl  practised  by 
the  peoples  dwelling  in  Britain  and  Gaul. 

A.  Dickson,*  who  has  made  a  careful  study  of  the  Greek  and  Latin 
writers,  asserts  that  lime  was  not  used  for  agricultural  purposes  until 
about  the  time  of  Pliny,  although  its  property  as  a  mortar-making 
substance  was  well  known  long  before.  Cato  (died  B.  C.  150),  who 
wrote  of  the  agriculture  of  his  times,  is,  however,  quoted  by  Loudon,t 
as  follows:  "If  you  cannot  sell  wood  and  twigs,  and  have  no  stone 
that  will  burn  into  lime,  make  charcoal  of  the  wood,  and  burn  in  the 
corn  (grain)  fields  the  twigs  and  small  branches  that  remain."  Cato 
also  gives  a  careful  description  of  the  construction  of  a  lime  kiln, 
which  was  apparently  of  the  type  known  to-day  as  a  "flame  kiln." 
Loudon  infers  from  the  passage  quoted  that  the  lime  was  to  be  applied 
to  the  land,  but  it  is  not  a  necessary  conclusion;  the  use  of  the 
waste  twigs  and  faggots  to  yield  wood-ashes  for  application  to  the 
land,  in  cjse  they  cannot  be  sold  or  better  used  for  burning  lime,  is 
the  only  distinct  recommendation  contained  in  the  sentence. 

The  application  of  lime  was,  in  Pliny's  time,  confined  by  the  Roman 
farmer  chiefly  to  his  vineyards  and  olive  orchards;  it  was  also  quite 
a  good  deal  used  to  hasten  the  maturity  of  fruiting  of  the  cherry;  but 
as  to  its  use  for  ordinary  farm  crops,  while  it  was  occasionally 
practised,  there  is  no  indication  that  the  practise  was  at  all  general. 

The  Chinese,  whose  civilization  stretches  away  beyond  historical 
records,  and  whose  agriculture  is,  in  many  ways,  very  advanced,  es- 
teem wood-a«*hes  as  the  very  best  of  manures.  While  they  are 
aware,  says  Loudon,J  of  the  fertilizing  value  of  lime,  they  use  it 
chiefly  for  the  purpose  of  destroying  insects. 

During  the  Dark  Ages  following  the  decay  of  Roman  civilization, 
social  and  political  confusion  almost  entirely  suppressed  Intensive 
and  skilled  agriculture,  except  as  its  best  tradition®  were  here  and 
there  preserved  by  the  studious  inmates  of  an  occasional  monastery; 
of  this  period,  there  is  little  agricultural  record.     It  is  clear,  however, 
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that  the  practice  of  liming  had  meanwhile  been  more  or  less  con- 
tinuously kept  up.  Sir  Anthony  Fitzherbert,  the  first  prominent 
English  writer  on  agriculture,  in  "The  Book  of  Husbandry"  (London, 
1523)  ©trongly  urges  the  use  of  both  lime  and  marl;  and  Gervase 
Markham,  in  "The  Countrey  Farme"  (London,  1616),  which  is  chiefly 
a  compilation  from  the  French,  Italian  and  Spanish  writers  of  the 
sixteenth  century,  mentions  lime  as  an  important  addition  to  many 
garden  soils  and,  for  general  cultures,  to  cold  soils  in  particular. 

Since  those  days,  the  application  of  lime  has  been  continued  in  all 
those  European  countries  where  agriculture  exhibits  the  highest 
degree  of  advancement,  though  with  great  differences  in  the  manner 
of  uee  to  which  reference  will  later  be  made  in  the  discussion  of  the 
various  more  important  practical  questions  concerning  liming.  More 
particularly  has  the  practice  obtained  in  Scotland,  Wales  and  the 
northern  and  western  counties  of  England — that  is,  in  the  more 
humid  regions. 

In  a  private  letter.  Prof.  R.  Warington,  of  the  University  of  Cam- 
bridge, long  chemist  to  the  Rothamsted  Experiment  Station,  says: 
"Before  the  introduction  of  artificial  manures,  lime  was,  next  to 
dung,  the  commonest  manure  employed  by  farmers  in  England.  The 
use  of  lime  ha»,  in  recent  years,  much  diminished.  A  return  to  the 
former  practice  would  be,  in  some  cases,  decidedly  beneficial.  *  * 
In  this  neighborhood  (Rothamsted)  in  which  the  subsoil  of  the  fields 
is  chalk,  it  was  a  common  practice  to  sink  pits  into  the  subsoil  and 
to  spread  over  the  fields  the  chalk  brought  up  from  below.  *  * 
The  analysis  of  the  Rothamsted  soil  shows  that  the  first  nine  inches 
contains  about  five  times  as  much  lime  as  the  second  or  third  nine 
iui-hes,  a  relation  most  unusual  in  the  case  of  natural  soils,  and  arising 
I  pparently  from  the  ancient  application  of  chalk  to  the  land." 

Jii  Belgium,  in  those  regions  in  Germany  where  the  heavier  soils 
prevail,  and  in  France  upon  the  lighter  granitic  soils,  it  is  also  much 
used. 

Deh^rain*  states  the  revival  of  the  use  of  lime  in  France  did  not, 
in  all  probability,  occur  until  the  beginning  of  the  seventeenth  cen- 
tury, and  quotes  from  Oliver  de  Serres,  Theatre  d^  Agricidtvre  (1, 127), 
to  the  effect  that  its  use  had  been  followed  for  a  long  time  in 
the  districts  of  Gueldres  and  of  Juilliers.  At  the  present  time, 
Deh^rain  sta^tes,  the  use  of  lime  and  of  marl  has  wrought  a  veritable 
agricultural  transformation  in  Mayenne,  Sarthe,  Limousin  and  So- 
logne. 

It  was  naturally  among  the  first  materials  which  the  European, 
settlers  in  the  New  World  used  when  bringing  into  tillage  soils  re- 
quiring eepecial  treatment,  such  as  swampy  lands  and  very  heavy 
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clays.  John  Spurrier,  in  **The  Practical  Farmer''  (Wilmington,  Del., 
17U3,  a  subscription  book  numbering  among  its  subscribers  "George 
Washington,  Esq.,  President  of  the  United  States''),  one  of  the  earli- 
est American  works  on  agriculture,  treats  quite  fully  of  the  value  of 
lime  in  the  amendment  of  such  soils  and  showi*  a  practical  acquaint- 
ance with  the  results  of  its  use,  though,  like  other  writers  of  the 
period,  he  offers  very  quaint  theories  to  account  for  its  action.  Prior 
to  the  introduction  of  the  modern  commercial  fertilizers,  the  common 
calcareous  manures  were  very  largely  employed.  In  Canada  and  in 
New  York  and  Pennsylvania,  gypsum,  or  land  plaster,  was  a  very 
common  application;  where  marls  were  readily  accessible,  especially 
in  Canada  and  Kew  Jersey,  they  were  widely  used  and,  despite  their 
bulkiness  and  the  great  cost  of  their  transportation,  they  were  often 
carried  many  miles  by  rail  for  application  to  general  farm  lands. 
Wood  ashes  have  been  employed  everywhere,  Canada  aehes  still 
finding  a  large  sale  in  the  New  England  States,  New  York  and  north- 
ern Pennsylvania.  Ix^ached  wood  ashes,  composed  chiefly  of  car- 
bonate of  lime,  are  much  used  in  New  England.  The  use  of  burnt 
lime  was  especially  prevalent  in  Eastern  Pennsylvania  and  New 
York;  in  certain  localities,  however,  such  as  Eastern  Massachusetts, 
it  is  scarcely  used  at  all;  its  difficult  accessibility  is  not  the  reason 
for  its  disuse  in  many  of  these  localities. 

The  introduction  of  commercial  fertilizers,  particularly  the  acidu- 
lated lime  phosphate,  potash  salts  and  soluble  nitrogenous  ferti- 
lizers, greatly  affected  the  use  of  lime  in  New  York  and  Pennsylvania. 
While  there  are  many  farmers  firmly  fixed  in  the  traditions  of  their 
fathers,  who  have  clung  to  the  use  of  stable  manure  and  liming  to 
the  total  exclusion  of  the  artificial  fertilizers,  they  were  more  numer- 
ous who  dropped  lime  almost  entirely  out  of  consideration  as  a  means 
of  soil  improvement,  and  the  traveler  will  see  in  all  those  regions 
where  lime  was  formerly  used  by  all  farmers,  dismantled  lime-kilns 
on  every  hand. 

This  tendency  to  exclude  liming  has,  however,  been  strongly  com- 
batted;  the  question  of  *iinie  versus  phosphates"  has  been  mooted 
in  some  way  or  other  at  nearly  every  farmers'  institute  held  in  the 
State,  with  the  expression  of  highly  divergent  experiences  with  the 
contrasted  materials  and  still  more  highly  divergent  theories  of 
their  several  actions.  The  writer  has  been  led  to  believe  that,  with- 
out at  all  diminishing  the  importance  of  the  place  assigned  to  the 
commercial  fertilizer  in  farm  practice,  the*  use  of  lime  is  coming 
into  renewed  favor,  and  is  gradually  becoming  more  general.  Many 
^inquiries  made  of  the  writer,  and  many  statements  made  by  Pennsyl- 
vania farmers  indicate,  however,  that  the  subject  is  one  upon  which 
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much  coufusion  of  opinion  still  exists.    Nor  is  this  peculiar  to  Penn- 
sylvania.. 

Storer*  says:  "As  matters  actually  stand,  the  student  is  met  at 
the  threshold  of  the  inquiry  by  so  many  different  statements,  so  many 
possibilities  and  probabilities,  that  the  subject  is  made  to  seem 
less  clear  than  it  really  is.  As  has  been  said,  the  contrast  between 
the  current  methods  and  practices  of  farmers  in  respect  to  the  use 
of  lime,  are  very  remarkable.  Why  is  it,  for  example,  that  so  little 
lime  is  used  in  eastern  Massachusetts,  and  why  is  it  that  such 
enormous  quantities  of  it  are  used  in  other  districts  such,  for  ex- 
ample, as  some  parts  of  Pennsylvania,  of  France  and  of  Germany? 
Indifference  towards  lime,  or  objection  to  it,  is  by  no  means  peculiar 
to  this  particular  locality.  It  is  notorious  that  in  some  parts  of  the 
world  landlords  have  often  absolutely  forbidden  their  tenants  by 
contract  from  using  lime,  and  the  employment  of  it  in  agriculture 
at  the  present  day  cannot  in  any  sense  be  regarded  as  a  general  prac- 
tice." 


LIMING  IN  NEIGHBORING  STATES. 

Before  entering  upon  the  consideration  of  Pennsylvania  practice, 
a  brief  view  of  that  of  neighboring  states  will  be  of  interest. 

In  Rhode  Island,  as  a  consequence  of  careful  investigations  made 
at  the  Rhode  Island  Experiment  Station,  the  use  of  lime  upon  sandy 
upland  soils  has  grown  very  rapidly,  although  it  is  only  of  recent 
date. 

Hon.  Geo.  T.  Powell,  of  Ghent,  N.  Y.,  well  known  to  Pennsylvania 
farmers  as  an  institute  lecturer,  writes:  "There  is  no  lime  used  In 
eastern  New  York."  Dr.  L.  L.  VanSlyke,  of  the  New  York  State  Ex- 
periment Station,  virtually  endorses  this  statement. 

Of  the  practice  in  New  Jersey,  Prof.  E.  B.  Voorhees,  Director  of 
the  New  Jersey  Experiment  Station,  writes,  that  about  one-third  of 
the  farmers  in  the  northern  and  central  sections  follow  it,  but  the 
use  is  decreasing.  The  quantity  used  is  about  the  same  as  formerly, 
viz:  25  bushels  of  stone  lime  per  acre,  applied  once  in  each  period  of 
four  or,  more  commonly,  five  years.  It  is  most  frequently  applied 
to  wheat  at  the  time  of  seeding,  being  spread  after  plowing  and  har- 
rowed in.  The  lime  is  somotimes  home-burned,  but  is  generally  pur- 
chased from  dealers  at  a  cost  of  9  to  13  cents  per  bushel,  and  is  hauled 
by  the  farmer  for  a  distance  of  two  to  six  miles.    It  is  not  allowed 

•Agriculture,  4th  ed.,  Vol.  II,  p.  139. 

12—21—1900  Digitized  by  GoOglC 


20  ANNUAL  RE^POKT  OF  Off.  Doc. 

to  stand  in  small  heaps  before  spreading.  Its  best  results  are  seen 
upon  upland  clays  and  shales. 

As  to  Maryland,  Director  H.  J.  Patterson,  of  the  Maryland  Experi- 
ment Station,  says  that  the  use  is  confined  to  certain  limited  sections 
of  the  State,  and  appears,  in  some  localities,  to  be  on  the  increase. 
The  lime  is  applied  once  in  eight  or  ten  years  to  land  that  it  seeded 
down  to  grass;  the  amount  applied  is  commonly  fifty  to  seventy-five 
bushels,  but  only  twenty  to  twenty-five  bushels  in  some  localities, 
and  there  is  a  general  tendency  toward  the  lighter  applications. 
The  application  is  commonly  made  after  plowing,  and  the  lime  har- 
rowed in;  in  some  sections,  top-dressings  on  wheat  and  grass  are 
considerably  practiced.  The  lime  is  not  often  allowed  to  stand  in 
small  heaps  before  application.  Both  oyster-shell  and  stone  lime  are 
used.  Some  farmers  burn  their  own  lime,  but  it  is,  for  the  most 
part,  purchased  of  dealers  in  Pennsylvania,  and  in  Washington, 
Frederick  and  Baltimore  counties,  in  northern  and  northwestern 
Maryland.  The  cost  at  the  kiln  or  warehouse  is  8  to  12  cents  per 
bushel,  and  the  distance  the  lime  is  hauled  is  about  six  miles  on  the 
average,  a  haul  of  twelve  to  twenty  miles  being  not  infretjuent.  The 
efifect  of  the  application  is  especially  noticeable  in  the  improved 
growth  of  grass  and  clover,  these  plants  often  failing  entirely  when 
lime  is  not  used. 

Of  West  Virginia,  Prof.  L.  C.  Corbett,  of  the  West  Virginia  Station, 
writes  that  in  those  sections  where  lime  is  easily  produced  by  home- 
burning,  about  10  per  cent  of  the  farmers  follow  the  practice,  but 
scarcely  1  per  cent,  in  other  sections.  The  lime  is  usually  home- 
burned,  but  the  limestone  is  occasionally  hauled  two  to  five  miles. 
The  quantity  applied  is  not  closely  estimated,  the  abundance  increas- 
ing as  the  cost  of  the  lime  is  less,  and  one  application  serves  for 
many  years.  The  application  is  made  directly  from  the  wagon  upon 
plowed  ground,  and  the  lime  harrowed  in.  The  river  bottom  soils 
are  never  limed,  only  the  heavy  clay  uplands  receiving  the  applica- 
tion. 

In  Ohio,  says  Director  Thorne,  of  the  Ohio  Agricultural  Experiment 
Station,  the  use  of  lime  as  a  means  of  soil  amendment,  is  very  rare. 

Leaving  the  humid  regions  and  turning  to  the  States  possessed 
of  a  more  or  less  arid  climate.  Prof.  E.  W.  Hilgard,  Director  of  the 
California  Experiment  Station,  says  of  California:  "Liming  and 
marling  are  scarcely  at  all  practised  in  this  State,  owing  to  the  fact 
that  nearly  all  the  soils  at  present  cultivated  contain  an  excess  of 
calcic  carbonate,  manifested  either  by  effervescence  with  acid  or  the 
blueing  of  litmus  paper  after  twenty  minutes.  The  average  lime 
content  of  California  soils,  as  determined  by  extraction  with  hydro- 
chloric acid,  is  over  1  per  cent.,  and  the  character  of  the  vegetation 
is    almost    throughout    'calciphile'    (lime-loving).     In  a  few    cases 
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where  very  heavy  clay  soils  have  been  found  poor  in  lime,  1  have 
recommended  the  use  of  quick-lime  or  marl,  and  it  has  been  done  with 
very  good  effect;  as,  also,  at  a  few  points  in  the  *tule'  lands — coast 
marshes — bearing  sour  grasses.  But  even  in  these  acidity  is  rather 
the  exception  than  the  rule,  on  account  of  the  large  proportion  of 
lime  contained  in  the  river  alluvium." 

Speaking  of  the  United  States  at  large.  Prof.  I.  P.  Roberts*  esti- 
mates that  at  least  99  per  cent,  of  the  arable  land  has  never  been 
limed,  and  is  not  likely  to  be  in  the  near  future — partly  because  lime 
is  inaccessible,  partly  because  the  soils  of  certain  great  areas  do  not 
require  it. 


PRESENT  PENNSYLVANIA  PRACTICE. 

As  an  introduction  to  a  discussion  of  the  principles  involved  in  the 
practice  of  liming,  it  has  been  thought  that  a  careful  survey  of  the 
extent  and  manner  of  its  use  in  the  several  portions  of  the  State  would 
be  valuable. 

Accordingly,  two  series  of  questions  were  framed  to  cover  the  more 
important  points  of  practice,  and  submitted  respectively  to  a  number 
of  well-informed  farmers  in  each  county  of  the  State,  and  to  those 
lime  dealers  and  burner©  whose  addresses  could  be  secured.  The 
writer  is  indebted  to  a  large  proportion  of  the  gentlemen  to  whom 
these  queries  were  addressed,  for  their  full  and  careful  replies.  From 
these  replies,  the  statements  that  are  given  below  of  the  practice  in 
the  various  portions  of  the  State  have  been  compiled.  The  names 
of  the  several  correspondents  who  have  given  this  valuable  assist- 
ance are  given  in  Appendix  A. 

Varying  Extent  of  Practice. 

The  proportion  of  farmers  in  the  several  counties  who  use  lime 
has  been  reported  by  the  correspondents.  The  answers  from  the 
same  county  are  often  quite  divergent,  owing  doubtless,  to  the  fact 
that  because  of  diflference®  in  local  conditions,  one  section  of  a  county 
uses  lime  more  than  another.  Necessarily,  the  number  of  corres- 
pondents from  each  county  w^as  too  small  to  give  a  perfectly  true 
representation  of  the  extent  to  which  lime  is  used.  The  percentage 
of  farmers  in  each  county  who  use  lime  upon  their  soils,  whether  with 
frequency  or  not,  as  gathered  from  the  correspondence,  ie  showi 
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upon  the  accompanying  map.  When  a  percentage  of  less  than  five 
was  reported,  the  use  was  considered  as  probably  experimental  and 
no  representation  made  for  it. 

Of  the  sixty-three  counties  reporting,  sixteen  show  no  use  of  lime; 
in  ten  or  more,  it  is  used  by  only  a  few  farmers,  and  in  ten  or  more, 
by  less  than  half,  while  in  eleven  it  is  said  to  be  used  to  some  extent 
by  75  to  100  per  cent,  of  the  farmers.  The  greater  use  is  found  in  the 
eastern  and  southern  parts  of  the  State;  with  a  few  marked  excep- 
tions, the  least  on  the  extreme  northern  and  western  borders.  As' 
will  be  seen  in  a  later  presentation  of  the  cost  of  lime  in  the  several 
locaJities,  one  reason  for  its  lack  of  application  there  is  the  great  ex- 
pense. From  this  showing,  it  is  very  probable  that  the  use  of  lime  is 
far  more  prevalent  in  Pennsylvania  than  in  any  other  American  lo- 
cality. 

The  above  statement  gives  no  just  notion  of  the  soil  area  to  which 
lime  is  applied.  The  surface  of  Pennsylvania  is  greatly  broken  into 
mountain,  ravine  and  broad  river  valley.  The  rocks  from  which  it» 
soils  are  formed  represent  most  of  the  well-known  geological  forma- 
tions of  North  America.  There  is,  in  consequence,  an  almost  be- 
wildering variety  of  soil.  The  use  of  lime  in  each  locality  is  largely 
restricted  to  specific  kinds  of  land  and  no  data  are  readily  accessible 
to  permit  an  estimation  of  the  total  farm  area  of  Pennsylvania  upon 
which  liming  is  practised. 

Soils  Upon  Which  Lime  is  Used, 

The  inquiry  as  to  the  nature  of  the  lands  in  each  locality  giving 
the  best  results  from  the  application  of  lime,  called  forth  a  number  of 
general  statements  to  which  all  agreed: 

All  soils,  when  rich  in  humus,  whether  new  land  or  old  soil»  long 
down  in  grass  or  heavily  manured,  respond  well  to  liming,  the  lighter 
soils  more  promptly.  It  is  used  in  large  quantity  on  the  **gladey" 
lands  of  Greene  county  and  on  certain  low-lying  black  mucks  in 
Snyder  county. 

With  few  exceptions,  most  excellent  results  ai-e  obtained  on  heavy 
clay  soil»,  though  the  benefit  often  fails  to  appear  if  they  are  low- 
lying,  wet  and  ill-drained;  upland  clays  seem  to  give  the  best  results. 
The  white  and  bluish-white  clays  of  Armstrong  and  Greene  counties 
may  be  especially  mentioned  in  this  connection.  In  Pike  county 
only  is  the  result  on  light  soil — gravels  or  sands — reported  superior 
to  that  on  clay. 

"Limestone"  land,  which  is  usually  clayey  in  nature,  is  commonly 
reported  as  benefitted  by  liming,  but  reports  from  Bedford  county 
place  the  results  on  limestone  soil  with  those  on  sand,  and  reports 
from  Lehigh  county  say  that  these  soils  respond  least  to  liming, 
particularly  when  the  stone  lies  near  the  surface.     Some4ime8tones 
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leave  a  sand,  instead  of  a  claj;  whether  it  is  so  in  these  cases  has  not 
been  OBcertained. 

Sandy  soils  and  bottom  lands,  except  when  richly  supplied  with 
humus,  are  usually  reported  to  respond  least  to  liming,  but  beneficial 
results  are  reported  from  Forest  county  from  applications  to  soils 
that  had  lost  their  surface  layers  by  flood.  Report  from  Huntingdon 
county  mentions  a  liea/i)y  sandy  soil  in  a  creek  bottom,  benefitted  by 
liming,  and  in  Lancaster  county,  with  its  broad  belt  of  limestone  clay 
land,  the  sandy  soils  are  reported  to  respond  best  to  the  treatment. 

Distinctly  gravelly  soils  are  commonly  reported  as  responding  well 
to  liming,  sometimes  loam  better  than  clay;  but  certain  gravelly 
soils  of  Columbia,  Indiana  and  Schuylkill  show  little  benefit.  Burn- 
ing out  of  humus  by  heavy  liming  is  noted  from  Cambria. 

Certain  soils  received  special  mention  in  the  several  counties,  and 
the  facts  concerning  these  are  given  below  by  counties: 

Adams. — Ironstone  soils  especially  benefitted;  hlue  shales  dis- 
tinctly injured,  red  shales  not. 

Armstrong. — Excellent  result  on  spouty  clay,  impregnated  with  fer- 
rous sulfate,  lying  below  coal  outcrop. 

Bedford. — Excellent  results  on  upland  slate  and  red  shale  soils. 

Blair. — Mtich  less  effect  on  red  shale  than  on  limestone  land. 

Carbon. — Red  shale  ridge  requires  liming  for  clover. 

Centre. — Light  upland  soils  on  spurs  of  Alleghenies  respond  liber 
ally  to  its  use  for  grass. 

Clarion. — Light  upland  sandy  soil — chestnut  land, — and  clay,  re- 
spond best. 

Clinton. — Best  results  on  red  shale. 

Cumberland. — Most  beneficial  on  black  slate. 

Dauphin. — Flint,  red  shale  aftd  yellow  slate  soils  respond  well. 

Elk. — Good  on  clay  below  coal  outcrop,  which  yields  an  acid  soil. 

Franklin  and  Fulton. — Slate  benefitted  by  judicious  applications, 
often  showing  best  result. 

Huntingdon. — Slate  lands  do  well,  but  can  not  bear  heavy  liming. 

Indiana. — Slate  land  stands  next  to  clay  in  benefit  received. 

Juniata. — Has  little  but  quick  results  on  shale,  least  on  land  under- 
laid with  iron. 

Lancaster. — Upland  slate  shows  good  results. 

Lycoming. — Best  results  on  red  and  gray  shales. 

Northampton. — Quite  good  on  gravel  and  slate  lands  when  new. 

Schuylkill. — Best  on  red  loam. 

Somerset. — Best  on  red  soils. 

Tioga. — Better  on  red  shale  than  on  sand. 

Union. — Slates  respond  least. 

Venango. — Dry  loam  and  sands  respond  well. 

Washington. — On  red  shale  there  are  no  good  results. 
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These  statements  tend  to  show  that  slate  and  shale  lands  com- 
monly respond  well  to  liming,  though  with  some  sharp  exceptions, 
which  are,  probably,  due  to  the  difference  in  the  extent  to  which  the 
rocks  forming  the  soils  have  broken  down,  some  slates  in  particular 
breaking  down  very  slowly  and  imperfectly. 

In  response  to  questions  concerning  the  effect  of  liming  upon  the 
qualities  of  the  soil,  it  is  almost  without  exception  answered  that  the 
heavy  soils  are  made  lighter,  more  porous  and  more  easily  tilled,  and 
that  they  regulate  the  moisture  supply  more  perfectly,  so  that  crops 
growing  upon  them  suffer  less  in  extremely  wet  or  extremely  dry 
seasons  than  they  did  upon  the  same  soil  before  liming.  Of  the 
lighter  soils  (gravels,  shales  and  slates),  it  is  said  that  they  respond 
quickly  to  small  applications  and  are  made  more  compact  and  better 
able  to  retain  moisture,  but  that  with  large  applications  they  burn 
out  or  lose  their  humus  to  too  great  an  extent. 

Tendency  Toward  Increased  Use  of  Lime. 

Irrespective  of  the  methods  of  its  use,  the  replies  indicate  that  there 
is  a  very  general  tendency  to  return  to  a  judicious  use  of  liming  for 
special  purposes.  Of  eighty-four  correspondents  making  reply  upon 
this  point,  one-half  state  that  its  use  is  again  on  the  increase  in  their 
respective  localities,  and  only  seven  distinctly  affirm  that  in  their 
neighborhoods  its  use  is  decreasing. 

Pennsylvania  practice  as  to  the  methods  of  its  use,  shows  wide 
divergences. 

Crops  Limed, 

Considering  first  the  nature  of  the  crop  to  which  it  is  applied:  In 
most  counties  it  is  reported  as  being  applied  to  ground  preparing  for 
corn,  either  before  or  after  plowing;  but  in  Blair,  Bucks,  Centre, 
Cameron,  Crawford,  Fayette,  Forest,  Pike,  §usquehanna,  Tioga,  Ve- 
nango, Washington,  Wyoming  and  in  certain  sections  of  Cambria, 
Franklin,  Huntingdon,  Luzerne,  Monroe,  Northampton  and  Schuyl- 
kill, is  it  either  never  so  applied  or  with  less  frequency  than  upon 
grass  or  cereals.  The  prevailing  custom  is  to  plow  the  sod  under, 
most  often  during  the  fall  and  winter,  and  apply  the  lime,  after  first 
harrowing  and  rolling,  which  operations  are  then  rei)eated  to  secure 
its  perfect  admixture  with  the  surface  soil.  In  Adams,  Armstrong, 
Bedford,  Blair,  Clinton,  Dauphin,  Lawrence,  Northumberland,  Tioga, 
Union  and  in  some  sections  of  Jefferson,  Lebanon,  Lehigh,  Snyder 
and  Somerset  counties,  the  lime  is  more  commonly  applied  to  the  sod 
before  plowing,  during  the  summer  if  the  plowing  is  to  be  done  in 
the  fall,  or  during  the  later  fall  and  winter,  if  the  plowing  is  deferred 
until  springtime.  Many  of  the  correspondents  remark  that  where 
lime  is  plowed  under  with  the  sod,  especial  care  is  taken  to  have  the 
plowing  shallow. 
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The  occasional  use  of  lime  upon  wheat  is  reported  from  nearly  all 
localities,  specific  statements  concerning  it  being  absent  only  from 
reports  of  correspondents  livibg  in  Berks,  Clinton,  Dauphin,  Dela- 
ware, Lackawanna,  Lawrence,  Lehigh,  Susquehanna,  Washington 
and  Wayne  counties.  Its  use  on  rye  is  specially  mentioned  in  reports 
from  Blair,  Fayette,  Northampton  and  Pike  counties,  though  its  use 
on  fall  grains  in  general  is  reported  in  other  localities.  It  is  applied 
to  oats,  especially  when  sown  with  grass  for  seeding  down,  in  Cam- 
bria, Fayette,  Luzerne,  Somerset,  Susquehanna,  Tioga  and  Wayne 
counties.  When  these  cereals  follow  a  sod,  the  application  is  made 
either  before  or  after  plowing,  but  when  wheat  or  rye  follows  oats, 
the  lime  is  not  applied  until  the  oats  stubble  has  been  plowed  and 
harrowed. 

Very  commonly,  the  application  to  fall  grains  and  to  oats  is  for 
the  benefit  of  the  following  crops  of  grass  and  clover.  Later  applica- 
tions are  not  uncommonly  made  for  the  latter  crops.  In  one  instance, 
a  light  top-dressing  on  fall  wheat  some  little  time  after  seeding  is  men- 
tioned; more  frequently,  the  application  is  made  after  the  removal 
of  the  grain.  Reports  from  Blair,  Bucks,  Northampton  and  Snyder 
counties  state  that  lime  is  frequently  applied  as  a  top-dressing  to 
wheat  stubble;  in  Centre,  it  is  reported,  clover  is  top-dressed  by 
some;  while  its  application  in  like  manner  to  meadows  and  mowing 
lands  is  reported  from  Cameron,  Clinton,  Franklin,  Indiana,  Lacka- 
wanna, Lehigh,  Mercer,  Northampton  and  Washington  counties. 

Buckwheat  land  is  limed  before  sowing  in  Lycoming  and  Monroe 
counties. 

In  Dauphin  county,  it  is  stated,  lime  is  frequently  used  in  preparing 
land  for  potatoes.  It  is  applied  as  a  top-dressing,  with  a  heavy  dress- 
ing of  manure,  upon  the  plowed  ground  and  is  thpn  thoroughly 
worked  into  the  surface  by  use  of  a  spring-tooth  harrow. 

Frequency  of  Liming. 

The  replies  as  to  frequency  of  application  can  not  be  readily  pre- 
sented in  compact  form.  In  Bedford,  Blair,  Cumberland,  Elk,  Frank- 
lin, Fulton,  Lebanon,  Snyder  and  Westmoreland  the  applications  are 
not  usually  made  more  frequently  than  once  in  ten,  fifteen  or  even 
twenty  years.  In  other  districts  using  lime,  it  is  stated  that  there  is  a 
very  distinct  tendency  to  make  more  frequent  and  lighter  applica- 
tions, light  dressings  every  three  to  five  years  being  cited  in  some 
localities,  the  lighter  and  more  frequent  dressings  being  made  to 
light,  open  soils.  The  local  cost  of  liming  also  influences  the  practice 
in  this  respect  quite  materially. 

Amount  of  Lime  Applied, 

The  quantities  applied  vary  from  8  to  300  bushels  of  unslaked 
lime  per  acre,  an  enormous  variation,  though  these  extremes  arej^are. 
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the  lowest  extreme  being  mentioned  as  occasional  in  Crawford  and 
Warren  counties,  where  lime  is  very  costly  and  very  infrequently 
used;  the  higher,  in  Greene  and  Fayette,  where  lime  and  coal  are  both 
abundant;  even  in  these  localities  the  application  of  such  large  quan- 
tities is  rare.  In  most  counties  the  quantities  now  used  range  from 
50  to  100  bushels.  The  following  tabulation  shows  where  the  excep- 
tions to  this  rule  most  frequently  occur: 


Counties  reportlngr  the 

Counties  reporting  the 

Counties  reporting 
the  use  of  over 

Counties    reportlngr    the 

use  of  no  more  than 

use  of  over  100  to 

-    use  of  25  bus.  or  less. 

60  bus. 

200  bus. 

200  bus. 

Adams, 
Bedford, 

Adams, 

Armstrong, 

Clarion. 

Bucks. 

Bedford. 

Fayette, 

Chester. 

Cambria, 

Cameron. 

Greene, 

Crawford, 

Carbon, 

Fayette, 

Venango. 

Dauphin, 

Chester, 

Fulton. 

Westmoreland. 

Luseme, 

Elk. 

Huntingdon, 

Lycomlnc, 

Forest, 

Jefferson. 

Monroe. 

Lackawanna, 

Perry  (Northern  part). 

Montffomenr, 

Lebanon, 

Snyder, 

Tioga, 

Luseme, 

Somerset. 

Warren. 

Lycoming, 

Perry  (Eastern  part), 

SusQuehanna, 

Tioga. 

Manner  of  Application, 

It  was  formerly  the  common  practice  to  draw  the  fresh  lime,  at  any 
convenient  season  when  the  soil  was  in  condition  to  be  least  injured 
by  trampling,  upon  the  field,  and  distribute  it  in  small  heaps  of  a  few 
bushels  measure;  it  was  then  allowed  to  stand,  often  for  a  long  time, 
until  the  convenience  of  the  farmer  allowed  him  to  spread  it.  The 
merits  claimed  forthis  system  were  that  it  allowed  the  greatest  latitude 
of  choice  for  times  of  hauling  and  spreading,  reduced  injury  from  tramp- 
ling of  the  soil  and  resulted  in  complete  slaking  before  spreading  and 
dispensed  with  any  necessity  for  reloading  the  lime,  which  is  neces- 
sary when  purchased  lime  is  slaked  in  large  heaps.  Notwithstand- 
ing these  claims,  the  practice  has  given  way  to  the  better,  but  less 
convenient  method,  of  spreading  as  hauled  or  of  slaking  in  large 
heaps,  reloading  and  spreading.  The  practice  still  remains,  however, 
in  some  widely  distributed  districts,  being  reported  as  the  usual  mode 
in  Armstrong,  Bucks,  Carbon,  Columbia,  Cumberland,  Dauphin,  Elk, 
Forest,  Franklin,  Lackawanna,  Lehigh,  Lycoming,  Mercer,  Snyder 
and  Union,  and  in  some  parts  of  Adams,  Bevks,  Centre,  Juniata, 
Miflflin,  Somerset,  Westmoreland  and  York.  But  even  in  these  dis 
tricts  it  is  stated  that  great  care  is  taken  to  spread  the  lime  after  the 
first  rain  or  as  soon  as  it  is  slaked,  instead  of  allowing  it  to  stand  in- 
definitely, as  was  the  too  frequent  practice  in  former  years. 

The  spreading  is  commonly  made  on  a  quiet  day,  from  wagon  or 
heap,  by  means  of  a  shovel.  It  is  often  said  to  be  impossible  to 
evenly  distribute  any  amount  less  than  eighty  bushels  by  this  method, 
but  the  great  number  of  instances  in  which  fifty  bushels  opHess  are 
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applied  and  the  very  infrequent  use  of  special  machinery  for  spread- 
ing, indicates  that  the  inconvenience  is  easily  overcome.  The  use 
of  special  lime  spreaders  is  not  mentioned  by  any  correspondent  and 
is  quite  uncommon.  Those  who  have  the  modern  manure  spreaders 
find  them  excellent  for  an  even  distribution  of  lime.  Correspond- 
ents from  Crawford  and  Fulton  counties  state  that  lime  is  frequently 
applied  in  those  localities  by  means  of  the  grain  drill;  where  the  lime 
has  been  well  screened, 'this  method  of  applying  small  dressings 
strongly  commends  itself. 


II.     THE  LIMESTONES  OF  PENNSYLVANIA. 


There  are  only  three  materials  that  are  largely  used  as  sources  of 
lime:  Sea  shells  of  various  sorts,  limestone  and,  in  England,  chalk, 
which  is  really  a  very  loose-grained,  slightly  coherent  limestone;  a 
fourth  material,  rarely  employed,  is  coral  rock. 

NATURE  OF  LIME. 

The  chief  constituent  of  all  these  materials  is  calcium  carbonate, 
more  commonly  spoken  of  as  "carbonate  of  lime."  This  substance, 
when  heated  to  a  rather  high  temperature,  gives  off  carbonic  acid  gas 
(carbon  dioxid),  and  there  remains  lime  (calcium  oxid),  often  called 
*'fresh  burned,"  or  "caustic"  lime,  to  distinguish  it  more  certainly. 
The  lime  remains  for  some  time  in  lump  form,  in  which  form  it  is 
called  "stone  lime."  If,  however,  water  is  poured  or  sprinkled  upon  it, 
or  if  it  be  immersed  in  water,  it  breaks  down  into  a  fine  powder  or 
into  a  paste  or  thin  fluid,  according  to  the  proportion  of  water  used; 
this  process  is  called  "slaking,"  and  really  consists  in  a  chemical 
union  of  water  and  the  calcium  oxid,  whereby  much  heat  is  liberated; 
the  substances  swell  and  sometimes  become  hot  enough  to  bubble 
violently  and  liberate  steam,  and  there  is  formed  a  new  compound 
known  as  "slaked  lime"  (calcium  hydrate).  If  stone  lime  be  exposed 
to  the  air,  it  slowly  takes  up  moisture  therefrom  and  falls  into  powder, 
containing  much  calcium  hydrate,  though  the  operation  proceeds 
80  slowly  that  the  heat  liberated  passes  off  gradually  and  never 
becomes  intense.  The  calcium  hydrate  is  quite  soluble  in  water, 
and  the  lime  water  so  often  prescribed  by  the  physician  is  nothing 
but  a  solution  of  calcium  hydrate.  Any  one  who  has  used  lime  water 
has  noted  that  the  clear  liquid  presently  forms  a  white  film  upon  its 
surface  and  a  white  deposit  on  the  sides  and  bottom  of  the^ottle  r 
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containing  it;  this  film  and  deposit  are  composed  of  carbonate  of 
lime,  for  the  hydrate  unites  very  readily  with  the  carbonic  acid  present 
in  the  air,  thus  returning  to  the  state  of  chemical  combination  in 
which  it  existed  before  being  subjected  to  "burning.''  A  similar 
change  occurs  in  slaked  lime  exposed,  in  the  form  of  powder  or 
paste,  to  the  action  of  the  air,  and  in  "air-slaked"  lime — that  is, 
in  stone-lime  slaked  slowly  by  absorption  of  moisture  from  the  air — 
there  is  always  quite  a  large  amount  of  carbonate  of  lime.  Some  of 
these  changes  will  be  considered  more  fully  in  later  paragraphs. 

The  use  of  oyster-shell  lime  is  confined  to  a  few  sea-coast  localities. 
Inland  districts  must  rely  upon  the  extensive  deposits  of  limestone 
found  in  many  parts  of  our  country.  It  will  conduce  to  a  better 
understanding  of  some  questions  frequently  asked  concerning  the 
agricultural  uses  of  lime,  if  the  history  and  nature,  of  limestone  be 
somewhat  carefully  considered. 

GEOLOGY  OF  LIMESTONE  FORMATION. 

When  the  globe  was  first  cooled  down,  the  lime  combined  chiefly, 
with  other  bases,  in  the  form  of  silicates,  such  as  feldspar,  amphibole 
or  pyroxene.  It  is  one  of  the  most  abundant  basic  materials  of 
the  globe,  aluminum  and  iron  alone  surpassing  it.  Prof.  P.  W. 
Clarke,*  Chief  Chemist  of  the  U.  S.  Geological  Survey,  estimates  that 
calcium  (the  metal  of  which  lime  is  the  oxygen  compound  and  which 
constitutes  71.4  per  cent,  of  lime)  makes  up  3.77  per  cent,  of  the 
crust  of  the  earth,  taken  to  a  depth  of  ten  miles,  74.5  per  cent,  of  the 
crust  being  made  of  oxygen  and  silicon.  The  primitive  cystalline 
rocks  of  which  the  crust  is  supposed  to  have  been  at  first  exclusively 
formed,  contain  from  1  to  15  per  cent,  of  lime. 

lAme  Liberated  from  Rocks, 

These  rocks,  however,  under  the  action  of  atmospheric  agencies, 
and  especially  of  carbonic  acid  and  water,  gradually  weathered  or 
decomposed;  as  a  result  of  the  weathering,  the  lime  was  changed 
from  a  silicate  into  the  carbonate  or  acid  carbonate,  sulfate  and 
nitrate,  and  these,  in  turn,  were  dissoved  by  the  rain  and  carried  oflP  to 
the  ocean.  T.  Mellard  Readet  estimates  that  at  the  present  time  the 
rainfall  annually  removes  from  the  average  square  mile  of  the  earth's 
surface  the  following  quantities  of  the  more  common  mineral  con- 
stituents: 

Tons. 

Calcium  carbonate,   50 

Calcium  sulfate,  20 

Silica, 7 

•Bulletin.  Philosophical  Society  of  Wfttlilncton.  9,  14f ;  Wll«y,  Aciicultiiral  J^M^jwiM, 
fCf,   M«rrin,   Rocka.,   p.   IM. 
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Tons. 

Magnesium  carbonate, 4 

Iron  oxid, .* 1 

Common  salt, 8 

Alkaline  carbonates  and  sulphates, 6 


lAme  in  Sea  Water. 

The  composition  of  the  sea  water  shows  quite  a  different  proportion 
among  its  several  constituents,  as  illustrated  by  an  analysis  by 
Thorpe  and  Morton*  of  the  waters  of  the  Irish  Sea  in  the  summer  of 
1870: 


One  thousand  parts  of  the  sea  water  contain— 


Parts. 


Sodium  chlorld  (common  salt). 

Potassium  chlorld 

Maernesium  chlorld 

Mafimeslum  brorald,    

Magnesium  sulfate,    

Magnesium  carbonate,    

Mafirnesium  nitrate,    

Calcium  sulfate 

Calcium  carbonate 

Lithium  chlorld.    

Ammonium  chlorld.    

Ferrous  carbonate, 

Silica 


2e.4«918 
0.7M19 
S.IBOO 
0.07062 
2.06608 

Traces. 
0.00307 
1.S8158 
0.04754 

Traces. 
0.00044 
0.00608 

Traces. 


S8.86»4f 


Estimating  the  corresponding  amounts  of  lime  (calcium  oxid)  in 
the  annual  loss  from  the  earth's  surface  as  found  by  Reade  and  in 
sea  water,  we  find  that  of  the  former  37.7  per  cent,  is  lime;  of  the 
latter,  only  1.7  per  cent.  In  other  words,  the  proportion  of  lime  in 
sea  water  is  very  much  less.  One  cause  for  this  would  be  found  in 
the  removal  of  lime,  in  one  form  or  another,  from  solution.  Another 
fact  of  interest  is  that  while  in  the  material  removed  from  the  earth's 
crust  the  carbonate  of  lime  is  2.5  times  as  abundant  as  the  sulfate; 
in  the  sea  water  the  latter  is  over  twenty-eight  times  as  abundant  as 
the  carbonate.  It  might  be  inferred  therefrom  that  the  carbonate 
had  been  removed  far  more  rapidly  than  the  sulfate. 

The  foregoing  analysis  of  sea  water  shows  it  to  contain  one  part 
of  carbonate  of  lime  in  20,000  parts  of  water.  Comey,  in  his  Die- 
tiona/ry  of  Sol/uMlities  (p.  82),  quotes  Irvine  and  Young  as  stating 
that  one  part  of  the  carbonate  is,  according  to  its  condition  and 
fineness,  dissolved  by  1,600  to  8,000  parts  of  sea  water,  whose  solvent 
action  for  this  substance  is  greater  than  that  of  pure  water.  It  is 
evident  that  the  lime  is  not  separated  or  precipitated  from  the  solu- 


•Chem.  Boa  Jonrn..  24,  i06;  RoMoe  and  Bchoriemmer,  Ttvatlse,  I,  117. 
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tion  in  sea  water  by  any  method  known  to  the  laboratory,  and 
Bischof*  states  that  the  ocean  at  present  contains  seven  times  as 
much  carbonic  acid  as  is  necessary  to  refain  all  the  lime  in  solution, 
and  that  for  its  deposition  upon  the  sea  bed  living  organisms  mast, 
therefore,  intervene. 

Calcium  Carbonate  Secreted  by  Animals, 

As  a  matter  of  fact,  it  is  found  that  the  skeletons  or  shells  of  many 
of  the  lower  animals  living  in  the  sea  are  quite  largely  made  up  of 
carbonate  of  lime;  the  coral  polyps,  foraminifera,  brachiopods,  crus- 
taceans and  many  lamellibranchs  and  gasteropods  may  be  oited  as 
belonging  to  this  class.  Danaf  cites  some  analyses  by  S.  P.  Sharp- 
less  that  serve  to  show  how  largely  carbonate  of  lime  is  taken  up  by 
these  organisms. 


Calcium  carbonate, 


Madrepore      |      Ocullna 

coral.  coral. 

Per  cent.      '     Per  cent. 


Shell  of  Oyster 

Terebratula.  shelL 

Per  cent.  Per  cent. 


97.19  I  96.S7 


Calcium  phosphate,    j  0.78  O.M 

Calcium  sulfate,   

Hacneslum  carbonate, 


98.81  96.90 

o.a  O.M 

1.40 

o.ao 


Water  and  organic  matter 2.81  1.79  1  1.00  1.90 


100.78  100.00 


100.00  I  100.00 


The  temperature  of  the  deep  sea  is  too  low  to  allow  these  forms  of 
life  to  flourish  there.  Murray,  in  reporting  the  results  of  the  deep-sea 
explorations  of  the  Challenger  Expedition^  states  that  the  ooze  from 
deep-sea  bottoms  is  of  a  reddish  color,  is  largely  composed  of  iron 
oxid  and  contains  little  lime;  if  the  rhizopods  (foraminifera)  and  other 
minute  organisms  find  a  fitting  home  near  the  surface  of  the  mid- 
ocean  their  skeletons  are  probably  dissolved  when,  after  the  death 
of  the  animal,  they  slowly  sink  toward  the  sea  bottom;  to  give  further 
probability  to  this  theory,  analyses  of  carefully  taken  samples  of 
water  from  the  lower  depths  of  the  deep  sea  exhibit  a  larger  propor- 
tion of  lime  than  is  found  in  the  surface  waters.  The  best  known* 
lime-secreting  organisms  of  the  present  day  do  not  live  in  water 
deeper  than  100  fathoms,  nor  is  the  wave  action  at  great  depths 
sufficiently  strong  to  pulverize  the  shells,  coral,  etc.,  whose  debris 
deposited  as  ocean  slime,  later  becomes  the  solid  bed  of  limestone. 
As  somewhat  illustrating  these  differences  there  may  be  cited  certain 
analyses  by  StorerJ  of  two  series  of  deposits  from  the  sea  bottom, 
(1)  a  series  taken  by  Lieut.  Berryman,  U.  S.  N.,  off  the  coast  of 
Nova  Scotia,  near  the  northern  edges  of  the  Gulf  Stream,  at  depths 


*Clted  by  Reldt  Portland  Cement,  etc.,  1877,   p.  M. 
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of  1,100  to  1,390  fathoms;  (2)  a  series  taken  by  Ldeot  Brooke,  U.  8.  N^ 
in  the  Pacific  ocean,  between  California  and  China,  in  the  track  of 
the  Equatorial  and  North  Pacific  currents,  at  depths  of  900  to  3,000 
fathoms,  chiefly  at  the  greater  depths: 


0) 


m 


ailca  uid  sand.   •.Ston.l  •.•to74.S 

Alumina  and  ferric  oxld 7.7  to   S.S  12.4  to  ]».# 

Lime 17.1tolft.t  1.4  to   1.7 

MasnesU 1.7  to    l.t  l.«  to   l.» 

Pluwphorio  add.    t.l  to   O.S  f.l  to   l.t 

Potaah « S-lto   S.S  1.1  to   4.1 


If  further  evidence  is  necessary,  it  is  furnished  by  an  examination 
of  the  limestone  rocks  themselves.  In  many,  the  shell  forms  and 
coral  structure  are  distinctly  preserved;  under  the  microscope,  the 
oolitic  limestone  plainly  reveals  its  animal  origin,  while  the  chalk 
clififs  of  southern  England  are  built  up  almost  wholly  of  the  skeletons 
of  foraminifera,  over  a  million  of  which  are  requisite  to  make  one 
cubic  inch  of  chalk.* 


Decomposition  of  Calcium  Sulfate. 

One  other  fact  should  be  mentioned  in  accounting  for  the  tre- 
mendous deposits  of  limestone  that  mark  the  later  history  of  the 
earth's  crust,  namely,  that  the  lime  carried  to  the  sea  in  the  form  of 
carbonate  is  not  the  only  supply  from  which  these  great  formations 
were  built,  but  the  sulfate  also  contributed  in  an  important  measure. 
While  the  loss  from  the  earth's  surface  in  percolating  rain,  esti- 
mated by  Reade,  and  the  analysis  of  sea  water  by  Thorpe  and  Morton, 
do  not  warrant  too  close  comparison,  it  is  clear  that,  as  compared  with 
the  common  salt,  the  sea  water  contains  much  less  sulfate  of  lime 
than  the  waters  of  percolation.  \Miile  this  compound,  as  it  occurs 
in  gypsum  or  land  plaster,  is  considered  to  be  one  of  the  less  readily 
destructible  compounds  known  to  man,  it  is  well  known  to  plant 
chemists,  that  the  crops  can  take  it  up  and  that  the  plant  stem,  at 
later  stages  of  growth,  is  sometimes  free  from  sulfates,  under  such 
conditions  that  the  destruction  of  these  salts  within  the  plant  to  fur- 
nish sulfur  for  the  building  of  albuminoids  is  believed  to  be  establish- 
ed. The  decorajiosition  of  eah  iura  sulfates  to  form  the  sulfid  through 
the  activity  of  lower  plant  life  seems  also  to  be  well  established,  and 
Olivier  and  Etardt  claim  that  certain  algae  may  even  set  sulfur  itself 
free  from  sulfate  of  lime.    Bernardt  has  noted  the  liberation  of  sulfur- 


•Stockbridpe.   Rocks  and  Soils.  1S95.    pp.   85-6. 
«rit«d  bj  Bernard:  lie  CUoalre.  tm,  p.  Mi. 
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etted  hydrogen  as  a  consequence  of  the  reduction  of  sujfate  of  lime  in 
springs  and  in  sea  water  when  abundance  of  organic  matter  was 
present.  Buchanan*  has  show^n  that  the  mud  of  the  sea  bottom, 
which  is  being  continually  passed  through  the  alimentary  tracts  of 
marine  animals,  has  the  sulfate  of  lime  it  contains  reduced  under  this 
treatment  to  calcium  sulfid,  the  same  form  that  results  from  the  re- 
ducing action  of  water  plants  to  which  reference  has  just  been  made. 

The  formation  of  calcium  sulfid  being  established,  it  remains  to  be 
noted  that  this  substance  when  dissolved  or  suspended  in  water  con- 
taining carbonic  acid,  is  quickly  decomposed  with  the  liberation  of 
sulfuretted  hydrogen  and  the  formation  of  carbonate  of  lime.f 
Deh^rainJ  states  that  sulfids  formed  in  soil  rich  in  humus  very  quickly 
undergo  similar  conversion  into  the  corresponding  carbonates. 

From  these  facts  it  is  clear  that  the  great  limestone  formations 
have  drawn  for  their  material  not  simply  upon  the  lime  brought  to 
the  sea  in  the  form  of  carbonate,  but  also  indirectly  upon  that 
brought  down  in  the  form  of  sulfate. 

Quantities  of  Lime  in  Pennsylvania  LimeMone  Rocks. 

The  writer  estimates,  assuming  the  limestone  to  have  a  speciflo 
gravity  of  2.7  and  that  it  contains  roughly  an  average  of  80  per  cent, 
of  carbonate  of  lime,  that  the  Lower  Silurian  lime  formations  of 
Central  Pennsylvania,  which  are  about  5,000  feet,  or  nearly  a  mile, 
in  thickness,  contain  upwards  of  94,000,000  of  tons  of  calcium  car- 
bonate for  each  square  mile  of  these  strata.  While  the  mind  can 
not  conceive  of  such  enormous  quantities,  they  serve  to  impress  upon 
the  imagination  the  wonders  of  these  great  geologic  changes. 

Later  Changes  in  Limestones. 

These  beds,  after  being  raised  above  the  surface  of  the  ocean  by 
some  of  those  frequent  changes  of  level  that  have  marked  the  history 
of  the  earth's  crust,  have  not  only  become  comparatively  dry  and 
solidified  but,  in  consequence  of  pressure,  heat  and  other  change? 
have  often  assumed  a  crystalline  character  such  as  is  exhibited  iH 
the  pure  limestones  yielding  fine  marble.  Percolation  of  surface 
waters  through  beds  of  limestone  have  dissolved§  much  of  the  car- 
bonate of  lime  in  many  localities  and  strata,  leaving  the  more  easily 
attacked  rocks  greatly  honey-combed ;  indeed,  the  great  caverns  of 
the  limestone  regions,  such  as  the  Mammoth  Cave,  of  Kentucky, 

•Proc.  Roy.  Soc,  Edinburgh,  1890-1.  cited  by  Merrill.  Rocks,   p.  104. 

tMala^rutl,   LeconB  de  chlmle,   II,   p.   150. 

tTraitft   de   Chlmle  agrlcole.    p.    547. 

§Note.-The  authorities  cited  by  Comey  (Dictionary  of  Solubilities,  p.  82)  Indicate  that  one 
part  of  calcium  carbonate  requires,  according  to  Its  condition  of  subdivision,  hardness.  «tc..  from 
10,901  to  100.000  parts  of  water  for  Us  solution.  If.  however,  the  water  be  saturated  with  car- 
bonic acid,  as  soil  water  often  Is  In  part,  only  800  to  8.149  parts  are  required  to  dissolve  one  part 
of  the  carbonate,  the  add  calcium  carbonate  being  thereby  formed. 
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Luray  Caverns  of  Virginia,  and  the  interesting  Penn's  Cave,  of 
Central  Pennsylvania,  have  been  formed  by  this  dissolving,  percolat- 
ing process. 

IMPURITIES  IN  LIMESTONES. 

The  history  of  the  limestone  formations  renders  it  also  apparent 
that  great  quantities  of  material  other  than  calcium  carbonate 
must  have  entered  into  their  composition.  The  sedimentary  lime- 
stones in  which  crystallization  does  not  appear,  are  colored,  not  white, 
and  often  contain  large  quantities  of  sand^  clay^  whose  deposition 
upon  the  shallow  sea  bottoms  from  the  down-wash  of  neighboring 
uplands  is  readily  understood,  and  of  iron  pyrites  (sulfid  of  iron). 
When  the  limestone  crystallized,  the  same  conditions  brought  about 
changes  in  the  accompanying  impurities,  and  Merrill*  mentions,  as 
accessory  to  crystalline  limestone  and  resulting  from  such  changes 
or  originally  present,  minerals  of  the  mica,  amphibole  and  pyroxene 
groups,  and  frequently  sphene,  tourmaline,  garnets,  vesuvianite, 
apatite,  pyrite,  graphite,  etc. 

Owing  to  their  animal  origin,  the  presence  of  small  quantities  of 
carbonaceous  matter  in  limestone  is  not  surprising.  The  dolomitic 
limestones  of  Cook  county.  111.,  contain  so  much  material  of  a  bitu- 
minous nature  that,  when  struck  by  hammer,  a  distinct  odor  like 
that  of  petroleum  is  evolved. 

For  the  same  reason  the  presence  of  phosphorus  is  to  be  antici- 
pated and,  according  to  Merrill,t  the  quantity  of  phosphoric  acid  in 
limestone  often  exceeds  that  found  in  either  the  older  siliceous  rocks 
or  in  other  rocks  of  more  modern  formation.  He  gives  the  following 
ranges  for  the  percentage  of  phosphoric  acid  in  some  of  these  rocks: 

Per  cent. 

Granite, 0.07—  0.25 

Diorite,   0.18—  1.06 

Basalt, 0.03—  1.18 

Limestone,   0.06—10.00 

Shale, 0.02—  0.25 

Sandstone, 0.00—  0.10 

The  higher  percentage  given  for  limestone  is  one  that  is  very  rarely 
obtained. 

The  color  of  limestone,  marble  and  travertine  (onyx  marble)  may 
be  white,  yellow,  brown,  red,  green,  gray,  blue  or  even  black.  These 
colorations  are  sometimes  due  to  carbonaceous  matters,  sometimes 
to  metallic  oxids,  iron  oxids  especially,  and  sometimes  to  both.  In 
the  white  and  green  varieties,  according  to  investigations  of  Merrill,^ 
the  iron  exists  as  carbonate,  in  the  yellow,  brown  and  red  forms,  as  a 


•Rocks,  p.  Mt. 
top.  cU,  p.  7-8. 
\Op.     at,     p.  668. 
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more  or  less  hydrated  sesquioxid  of  iron.  Bernard*  attributes  the 
blue  colors  of  limestone  chiefly  to  organic  matters,  having  found 
from  1.25  to  2.38  per  cent,  of  such  matters  in  the  blue  oolithic  lime- 
stone taken  from  the  bed  of  the  river  Marne,  in  France.  The  same 
investigator  found,  in  a  clear  yellow  limestone,  in  addition  to  some 
suspended  yellow  sesquioxid  of  iron,  to  which  its  color  was  due, 
a  large  quantity  of  ferrous  iron,  doubtless  present  in  the  form  of  car- 
bonate. The  changes  of  color  which  some  limestones  experience 
when  exposed  to  the  weather  are  chiefly  due  to  the  destruction  of  the 
organic  matter  and  to  oxidation  of  the  ferrous  carbonate  and  sulfids 
they  contain. 

The  flint  present  in  many  limestones  is  believed  to  be  derived 
chiefly  from  members  of  the  sponge  family,  which  contain  consider- 
able silica. 

MAGNESIAN  LIMESTONES. 

There  remains  for  brief  consideration  the  most  striking  and  diffi- 
cultly explicable  foreign  constituent  of  lime,  magnesium  carbonate, 
from  which  few  limestones  are  entirely  free,  and  which  is  often 
present  in  equal  molecular  proportion  with  calcium  carbonate, 
forming  the  mineral  'dolomite;  this  contains  46.5  per  cent,  of  mag- 
nesium carbonate.  There  are  no  marine  organisms  now  in  existence 
whose  skeletons  contain  any  such  proportion  of  magnesium  carbon- 
ate. Danaf  cites  Damour  as  having  found  19  per  cent,  in  corals  of 
the  genus  MflJ^pora^em^  Forchhammer  as  having  found  6.36  per  cent, 
in  Isis  nohilis^  and  2.1  per  cent,  in  the  precious  coral  of  the  Mediter- 
ranean. A  single  case  of  magnesian  fossil  [Orthocerus)  is  mentioned 
by  Dr.  T.  Sterry  Hunt  J  as  containing  37.8  per  cent.;  it  was  foiind  in 
the  non-magnesian  Trenton  limestone  at  Bytown,  Canada.  Neither 
is  the  theory  satisfactory  that  the  calcium  carbonate  was  dissolved 
out  by  water,  leaving  behind  the  magnesium  carbonate,  whose  pro- 
portion was  thereby  increased;  no  known  sea-bed  formation  of  this 
day  contains  more  than  4  or  5  per  cent,  of  magnesium  carbonate;  in 
other  forms  than  dolomite,  the  magnesium  carbonate  is  more  soluble 
than  that  of  calcium  ;§  and  so  large  a  withdrawal  of  material  from 
the  bed  must,  it  is  believed,  result  in  dolomite  being  universally 
crumbled  or  porous;  whereas,  on  the  contrary,  it  is  usually  more 
compact  than  ordinary  limestone,  and  contains  fossils  of  unchanged 
form. 

The  more  commonly  accepted  theory  for  the  formation  of  lime- 
stones rich  in  magnesia  is  that  the  sea  water  has  given  up  magnesia 

*!«  Calcaire,  pp.  198-4. 

tHanual  of  Geology,  p.  SU. 

tJbid,  p.  69. 

INote.— Com«y  (Diet.  Solubilities,  p.  87)  cites  authorities  to  show  that  one  part  of  magnesluin 
carbonate  requires  for  solution  5,071  to  17,600  parts  of  pure  water,  and  from  28  to  8,700  parts  of 
««.Kntiated  water.    The  action  of  sea  water  Is  not  stated. 
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in  exchange  for  lime  from  the  rock.  The  known  facts  do  not  make 
the  theory  entirely  satisfactory,  but  it  is  less  objectionable  than  the 
others  proposed. 

Dolomites  weather,  as  a  rule,  more  slowly  than  pure  limestones, 
though  there  are  exceptions  to  the  rule;  they  do  not  give  off  carbonic 
acid  with  effervescence  when  touched  with  cold  hydrochloric  or  acetio 
acid  as  pure  limestones  do,  and  their  density  is  greater,  the  specific 
gravity  of  dolomites  ranging  from  2.8  to  2.95,  while  that  of  pure, 
compact  limestone  ranges  from  2.6  to  2.8,  though  both  are  heavier 
than  the  average  other  rocks  from  which  both  are  formed. 

UMESTONB  FORMATIONS  OP  PENNSYLVANIA. 

It  has  been  remarked  in  and  earlier  paragraph  that  this  State  has  a 
great  variety  of  rock  materials.  eT.  D.  Dana  (Manual  of  Geology,  3d 
ed.,  1879,  p.  375),  describes  the  sequence  of  exposed  geological  forma- 
tions in  Pennsylvania  as  follows,  beginning  with  the  lowermost  or 
oldest  that  has  been  eertainlv  identified:* 


PALAEOZOIC  TIME. 

SILURIAN  AGB,  OB  AOE  OF  INVEBTEBRATKS: 
Ix>wer  Sllaiian : 

Primordial  Period,  Potsdam  Epoch:  Sandstone  and  slates,  3,000 

to  4,000  ft.  thick. 
Canadian  Period,  Caldferous  Epoch:  Calcareous  sandstone,  250 
ft. 
Quebec  and  Chazy  Ejx)chs:  Magnesian  limestone,  with  some 
cherty  beds,  5,400  ft. 
Trenton  Period,  Trenton  Epoch:  Limestone,  with  blue  shale,  550 
ft. 
Utica  Epoch:  Bituminous  shale,  400  ft. 

Cincinnati  Epoch:  Blue  shale  and  slates,  with  some  thin  gray 
calcareous  sandstones,  1,200  ft. 

Upp«r  SUurJan : 

Niagara  Period,  Oneida  Epoch:  Gray  sandstone  and  conglom- 
erate, 700  ft. 

Medina  Epoch:  Red  sandstone  and  shale,  1,050  ft.,  and  whit* 
sandstone,  with  olive  and  green  shales,  760  ft.;  total,  1,810  f\ 

Clinton  Ef'^h:  Shales  of  various  colors,  both  argillaceoub 
and  calcareous,  with  some  limestones,  ferruginous  sand- 
stones and  iron-ore  beds,  2,600  ft. 

Ni^gnra  E'fOfh:  Not  well  defined. 
SausaYerioi)^  Sal iferof/s  Jipoch:  Variegated  marls  and  shales, 
some  layers  of  argillaceous  limestone,  1,650  ft.        r^r^r^n]r> 

la— 21— 1900  ^'S' ''^"^  ^^  ^^OOglL 
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Lower  Helderberg  Period:  Limestone,  thin-bedded,  with  much 
chert,  350  ft.;  encrinal  and  roralline  limestone,  250  ft.;  total, 
600  ft. 

Oriskany  Period,  Oriakany  Epoch:  Calcareous  shales  and  cal- 
careous and  argillaceous  sandstone,  520  ft. 

DEVONIAN  AGE,  OR  AGE  OF  FISHES: 

CoRNiFEROUS    Period,     Caudo-galli   Epoch:    Silico-calcareous 
shales,  200  to  300  ft. 
Comiferaus  Epoch:  Massive  blue  limestone,  80  ft. 
Hamilton  Period,  Marcellus  Epoch:  Black  and  ash-colored  slate, 
with  some  argillaceous  limestones,  800  ft. 
Hamilton  Epoch:    Argillaceous  and   calcareous   shales   and 
sandstone,  1,100  ft. 
Genesee  Epoch:  Black  calcareous  slate,  700  ft. 
Chemung  Period,  Portage  Epoch:  Dark  gray,  flaggy  sandstones, 
with  some  blue  shale,  1,700  ft. 
Chemung  Epoch:  Gray,  red  and  olive  shales,  with  gray  and  red 
sandstones,  3,200  ft. 
Catskill Period:  Red  sandstone  and  shale,  with  some  conglom- 
erate, 6,000  ft. 

carboniferous  age,  or  age  of  COAL: 

Sub -carboniferous  Period,.  Zow?^  J^ocA.-   Coarse,  gray  sand 
stones  and  siliceous  conglomerate  at  the  east,  becoming  fine 
sandstones  and  shales  at  the  west,  2,660  ft. 
Upper  Epoch:    Fine  red  sandstones  and  shales,  with  som€ 
limestone,  3,000  ft. 
Carboniferous  Period,  Milhtone-  Grit  Epoch:  Siliceous  conglom- 
erate, coarse  sandstone  and  shale,  including  coal  beds,  1,100 
ft. 
Coal  measures^  2,000  to  3,000  ft. 
The  more  recent  explorations  of  the  Second  Geological  Survey  of 
the  State  add  to  the  formations  given  in  this  list.     In  the  first  place, 
of  the  rocks  of  the  Azoic  Age,  or  that  before  the  appearance  of  life 
on  the  globe,  there  is  an  exposed  thickness  of  15,000  feet  cut  by  the 
Schuylkill  River,  made  up  of  crystalline  silicates. 

At  the  other  extreme  of  the  geological  scale,  in  the  Mesozoic,  or 
Reptilian  Age,  the  Triassic  and  Cretaceous  Periods  are  distinctly  rep- 
resented, the  former  by  red  granitic  sandstone,  with  conglomerate, 
occasionally  impure  limestone  and  rarely  shale,  and  with  numerous 
ridges  and  dikes  of  trap  rock;  in  Bucks  county  the  maximum  thick- 
ness of  27,500  feet  is  reached.  The  Cretaceous  Period  is  represented 
by  a  brick-clay  and  gravel  formation,  occupying  a  very  small  area 
on  the  Delaware  river,  just  below  Trenton;  it  is  a  continuation  of  the 
formation  so  distinctly  marked  in  New  Jersey  by  beds  of  green-sand 
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In  many  localities  the  thicker  limestone  strata  are,  of  course,  buried 
far  below  the  surface;  but  even  in  such  case,  the  deep  channel  of  a 
river  bed  or  valley  often  renders  them  accessible. 

The  geological  map  of  the  State  shows  that  the  Lower  Silurian 
limestones  form  the  surface  of  the  land  in  three,  more  or  less  broken 
belts  stretching  from  the  eastern  border,  in  a  southwesterly  direction, 
across  the  southeastern  portion  of  the  State.  The  first  belt  appears 
in  Bucks,  Montgomery,  Chester,  Lancaster,  York  and  Adams  coun- 
ties; the  second  in  Northampton,  Lehigh,  Berks,  Lebanon,  Dauphin, 
Cumberland  and  Franklin,  while  the  third,  much  broken,  appears  in 
the  numerous  parallel  curved  valleys  crossing  the  southern  central 
portion  of  the  State,  in  Fulton,  Bedford,  Perry,  Mifflin,  Juniata,  Blair, 
Centre,  Union,  Clinton  and  Lycoming  counties. 

The  Lower  Helderberg  limestone  formation  appears  exposed  on  the 
mountain  sides  in  very  narrow  and  thin  belts,  in  every  county  south 
of  Pike,  Luzerne,  Sullivan  and  Tioga  that  lies  between  the  main 
range  of  the  Allegheny  mountains,  on  the  west,  and,  on  the  east, 
the  depression  crossing  the  State  from  Easton  to  Chambersburg. 

In  many  parts  of  western  Pennsylvania,  limestones  of  the  coal 
measures  are  available. 

Replies  from  correspondents  show  that  in  the  northern  counties 
lime  is  little  used,  because  of  its  having  to  be  brought  in  from  other 
localities  at  great  cost,  as  in  case  of  the  small  quantities  reported  in 
use  in  Pike,  Wayne,  Tioga,  Cameron,  Elk,  Forest  and  Crawford 
counties;  in  the  western  counties  south  of  these,  except  in  Clearfield, 
for  which  no  report  was  received,  and  Beaver,  where  none  is  used, 
many  of  the  farmers  are  reported  as  burning  their  own  lime. 

Neither  time  nor  space  will  permit  in  this  paper  a  discussion  of  the 
various  strata  and  localities  from  which  limestone  may  be  obtained 
in  each  county  of  the  State.  One  interested  in  that  question  should 
refer  to  the  reports  issued  for  the  county  by  the  Second  Geological 
Survey  of  Pennsylvania. 

As  will  be  made  more  fully  evident  in  the  later  discussion  of  the 
composition  of  limes,  some  knowledge  of  the  composition  of  a  lime- 
stone which  it  is  proposed  to  use  should  be  had  before  going  to  any 
considerable  expense  in  quarrying  and  burning  it. 

As  a  matter  of  more  interest  geologically  than  from  a  practical 
point  of  view,  it  may  be  stated  that  researches  by  the  Kentucky  Geo- 
logical Survey  indicate  the  older  limestones  to  be,  as  a  general  rule, 
richer  in  soda,  phosphoric  acid  and,  when  non-magnesian,  in  carbon- 
ate of  lime,  than  are  the  younger  or  more  recently  formed,  and  cor- 
respondingly poorer  in  silica  and  insoluble  silicates  (clay,  etc.). 
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Analyses  of  Pennsylvania  Limestones. 

It  has  been  thought  that  some  value  might  be  derived  from  a  com 
pilation  of  available  analyses  of  limestones  from  various  localities 
in  the  State.  Such  a  compilation,  chiefly  from  the  reports  of  the 
Second  Geological  Survey,  has  been  made  under  the  writers  direction 
by  Mr.  C.  A.  Browne,  Jr.,  Assistant  Chemist  of  the  Pennsylvania 
State  College  Agricultural  Experiment  Station.  These  are  presented 
in  Appendix  B. 

Variability  of  Limestone  from  Same  Quarry. 

It  is  not  probable  that  the  analysis  of  any  single  specimen  of  lime- 
stone will  correctly  represent  the  entire  output  from  a  quarry.  The 
stone  varies  in  composition  through  the  same  stratum  or  bed;  but 
especially  are  differences  of  composition  observed  in  the  stone  from 
different  strata  in  the  same  quarry.  The  most  complete  study  of 
such  variations  known  to  the  author  is  that  made  by  Prof.  Peter  J. 
Lesley  and  Dr.  Andrew  S.  McCreath*  upon  the  composition  of  the 
stone  of  115  beds  exposed  in  the  Walton  (McCormick)  quarry,  opposite 
Harrisburg.  As  a  typical  example  of  the  results  obtained,  the  an- 
alyses of  rock  from  the  last  five  beds  (Nos.  111-115)  may  be  taken,  two 
samples,  one  from  each  end  of  the  sloping  bed,  having  been  analyzed 
in  each  stratum: 


Thickness 
orbed. 
Ft.  In. 

Calcium  carbonate. 

Magnesium  carbon- 
ate. 

Insoluble 

matter. 

6«d  No. 

Lower 
sample. 

Upper 

Lower         Upper 

Lower 
sample. 

Upper 
sample. 

Ill,     

B-e 

1—7 
B-« 
B-« 
14-8 

•4.6 
54.4 
W.l 
64.S 
96.1 

88.4 
54.4 
76.1 
55.4 
87.7 

1.7               8.8 
86.8              86.8 

0.9                8.7 
86.2              88.8 

1.9                0.9 

1.9 
8.4 
1.0 
8.5 
1.7 

f.6 

118.     ................. 

7.7 

m'    

Ig.f 

114|    

9.7 

116,     

1.4 

Among  the  beds  retaining  their  individuality  of  composition 
throughout  their  entire  exposure,  were  some  of  not  more  than  eight 
inches  thickness. 

Range  of  Composition. 

An  examination  of  the  compiled  analyses  shows  that  the  several 
important  constituents  range  in  proportion  from  a  faint  trace  to  the 
following  maximum  percentages: 

Per  cent. 

Insoluble,   80.95 

Iron  and  aluminum  oxids, 10.07 

•Report  of  the  Second  Geolo^cal  Survey  of  Pennsylvania,   Vol.   MM,    pp.  811-361,   and  Final 
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Per  cent. 

Calcium  carbonate,  99 .30 

Magnesium  carbonate, 46.00 

eulfuric  acid, 6.08 

Phosphoric  acid, 1.82 


There  were  very  few  true  dolomites  among  these  samples.  Some 
of  thent  contained  so  much  impurities  that  they  can  not  properly  be 
called  limestones,  but  should  be  termed  calcareous  shales,  sandstones, 
etc.  The  quantity  of  phosphoric  acid  will  scarcely  average  as  high 
as  0.1  per  cent. 


III.     LIMES  AND  LIME  BURNING. 


Limestone  and  other  forms  of  calcium  carbonate,  it  has  been  re- 
marked in  an  earlier  paragraph,  lose  carbonic  acid  when  heated  and 
are  thereby  converted  into  calcium  oxid,  or  lime.  Upon  complete 
burning,  100  pounds  of  pure  calcium  carbonate  yield  56  pounds  >f 
lime. 

TEMPERATURE  OF  LIMB-BURNING. 

To  effect  this  decomposition  a  high  temperature  is  required. 
Thorpe  and  Grove,  in  their  treatise  on  "Manufacturing  Chemistry,'^ 
state  that  the  disengagement  of  carbonic  acid  first  begins  at  a  tem- 
perature of  752  degrees  Fahr.  (400  degrees  C),  a  temperature  some- 
what above  the  highest  employed  in  a  baker's  oven,  but  that  this  dis- 
engagement does  not  go  on  fully  until  a  temperature  of  1,494  degrees 
Fahr.  (812  degrees  C.)  is  reached. 

The  conclusions  of  other  observers  differ  somewhat  from  those  of 
Thorpe  and  Grove.  Thus,  Hans  A.  Frasch*  states  that  the  normal 
temperature  of  burning  is  850  degrees  C.  (1,562  degrees  Fahr.);  that 
pure  calcium  carbonate  heated  for  four  hours  at  615  degrees  to  675 
degrees  C.  (1,139  degrees  to  1,247  degrees  Fahr.),  lost  none  of  its  car- 
bonic acid;  for  three  hours  at  860  degrees  to  880  degrees  C.  (1,580 
degrees  to  1,616  degrees  Fahr.),  lost  less  than  10  per  cent.,  but  heated 
for  two  hours  at  850  degrees  C.  it  lost  all  its  carbonic  acid.  Heated 
very  intensely  the  pure  carbonate  fuses  and  the  escape  of  the  car- 
bonic acid  is  almost  entirely  prevented. 

As  to  the  effect  of  heating  upon  the  other  constituents  of  the  lime- 
stone, whatever  the  intermediate  reactions  may  be,  the  final  outcome 

•Th»  Mineral  Industry.  Vol.  VII  (18»),   p.  m  teq,  C^  r^r^ri\r> 
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is  that  the  carbonates  of  magnesia  and  iron  give  off  their  carbonic 
acid,  and  remain  as  magnesia  and  ferric  oxid;  iron  pyrites  loses  its 
sulfur  and  is  likewise  oxidized;  all  organic  matter  is  driven  off  or 
destroyed,  and  water,  which  is  present  as  **quarry  water"  to  the  extent 
of  0.3  to  5  per  cent.,  and  often  also  in  some  small  quantity  as  water 
of  combination  with  sulfate  of  lime  and  hydra  ted  iron  and  aluminum 
oxids  is  expelled.  Sand  and  other  insoluble  impurities  are  assumed,  i( 
the  stone  be  carefully  heated,  to  undergo  little  or  no  change.  Cal- 
cium sulfate  and  calcium  phosphate,  if  the  phosphoric  acid  present  is 
really  combined  with  calcium  rather  than  iron  or  aluminum,  are 
supposed  to  undergo  no  change  in  their  final  state  of  combination, 
though  no  careful  investigation  of  this  point  is  known  to  the  writer. 

LOSSES  DURING  BURNING. 

In  the  following  table  a  simple  example -of  the  loss  which  the  sev- 
eral constituents  of  a  limeslone  undergo  in  a  perfect  burning  is  given: 


Const  ituenu. 


1^ 

5 

^  ^ 

^ 

i 

1 

S 

SS 

9 

? 

i 

M 


Water  (both  quarry  water  and  water  of  combination)  and  organic 
matter 

8and.  clay,  phosphate  of  lime,  anhydrous  sulfate  of  lime,  and 
oxlds  of  Iron  and  aluminum 

Calcium  carbona  le,   

Ma^rneslum   cart>onate 

Ferrous    carbonate , 


I 


t.OO 

7.00 
70.00 
19.00 

1.00 


100  00 


t.OO 


S0.80 
f.»5 


44.U 


7.00 

».20 

9.05 

♦.69 


tl8.75 
70.07 
16.18 


66.94  I  100.00 


*In  Us  convenslon  to  ferric  oxld,  1  part  of  ferrous  carbonate  takes  up  .07  parts  of  oxygen  from 
the  air. 
tlccluding  the  ferric  oxld  from  ferrous  carbonate. 

That  is,  there  remains  none  of  the  w^ater  or  organic  matter,  all  the 
sand,  clay,  etc.,  besides  ferric  oxid  equivalent  to  69  per  cent,  of  the 
weight  of  the  ferrous  carbonate  in  the  limestone,  magnesia  equivalent 
to  47.63  per  cent,  of  the  magnesium  carbonate  and  lime  equivalent 
to  56  per  cent,  of  the  calcium  carbonate.  These  factors  may  be  ap- 
plied in  estimating  the  yield  of  lime  from  limestone  whose  composition 
is  known. 

YIELD  OF  LIMB. 

Several  questions  concerning  the  yield  of  lime  are  frequently  asked. 
1.  How  much  stone  is  required  to  yield  a  bushel  of  fresh-burned  lime? 
Taking  a  stone  of  the  composition  first  given,  and  the  standard  weight 
of  72  lbs.  for  the  bushel  weight  of  the  lime,  the  answer  would  be    1^ 
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of  the  lime  (72  lbs.),  or  128.6  lbs.  With  poorer  limes,  the  weight  required 
is  less.  2.  How  much  lime  will  a  perch  of  limestone  yield,  assuming 
proper  burning?  This,  evidently,  depends  upon  two  things:  first, 
the  density  of  the  stone  and  its  freedom  from  pores,  which  determine 
its  weight;  second,  its  composition,  by  which  the  loss  during  burning 
is  determined.  For  illustration,  take  the  two  very  simple  cases  of 
marble  and  of  dolomite,  which  are  each  supposed  to  contain,  as  the 
only  material  other  than  carbonate,  2  per  cent,  of  water  and  organic 
matter.  Fair  average  specific  gravities  for  these  substances  are,  for 
marble,  2.72;  for  dolomite,  2.9;  so  thai  the  weight  of  a  cubic  foot  of 
water  being  62.5  pounds,  the  weight  of  a  cubic  foot  of  these  rocks 
would  be  170  and  180.25  pounds,  respectively;  and  a  perch  of  the 
solid  material  (24f  cu.  ft.)  would  weigh,  for  the  marble,  4,207.5  lbs.; 
for  the  dolomite,  4,284.67  lbs.  The  residue  from  burning  100  lbs. 
of  the  marble  would  be  56  per  cent,  of  98  lbs.  (the  amount  of  carbon 
ate  of  lime  present),  or  54.9  lbs.,  so  that  one  perch  would  yield  2.809.9 
lbs.,  or  328  standard  bushels  of  72  lbs.  each.  Each  100  lbs.  of  the 
dolomite  would  yield  51.8  per  cent,  of  98  lbs.,  or  50.8  lbs.  of  lime,  flimo 
and  magnesia,  more  correctly),  equivalent  to  a  yield  of  2,151  lbs.,  or 
29.9  standard  bushels,  for  each  perch  of  the  solid  stone. 

METHODS  OF  BURNING. 

Lime  is  burned  in  Pennsylvania  both  in  "heaps,"  similar  to  those 
for  preparing  wood-charcoal,  and  in  kilns  of  various  types.  Either 
wood  or  coal,  or  in  some  cases,  both,  are  used  as  the  fuel.  The  coal 
used  is  usually  bituminous,  of  which  the  "slack,''  or  cheaper  grades 
are  often  employed. 

Burning  in  Heaps. 

Burning  in  the  "heap"  is  practiced  in  Centre  county  about  as  fol- 
lows: A  convenient  oblong  piece  of  ground  is  cleared,  and  leveled 
if  need  be,  to  secure  a  fit  platform.  Upon  this  is  laid  a  layer  or  two 
of  good  cord-wood,  better  well  seasoned.  Between  the  chinks  in  the 
cord-wood,  shavings,  straw  or  other  light  kindling  is  placed.  The 
stone  having  been  reduced  to  the  size  of  a  double  fist,  sometimes  not 
80  small,  is  laid  upon  the  cord- wood,  care  being  taken  to  leave  chinks 
between  the  stones  just  as  between  the  bricks  in  a  brick  kiln;  it  is  pre- 
ferred that  this  layer  of  stone  should  not  exceed  six  to  ten  inches  in 
thickness.  In  some  cases,  temporary  wooden  flues,  filled  with  straw, 
are  erected,  either  one  at  the  center  or,  if  the  heap  is  oblong,  one 
near  each  end,  and  the  stone  and  coal  are  built  up  around  them; 
thus,  when  they  are  burned  out,  a  chimney  draught  or  two  is  secured, 
which  may  be  damped  by  pieces  of  stone  or  sod.  Upon  this  layer 
of  stone  is  spread  a  layer  of  coal,  and  upon  that  a  thicker  layer  of 
stone  (12  inches),  and  so  on,  coal  and  stone  alternating  until  the 
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oblong  heap  is  topped  with  smaller  stone.  The  proportion  of  coal 
is  diminished  in  the  upper  layers,  the  effort  being  to  distribute  one- 
half  of  the  total  coal  employed  in  the  two  lower  layers,  so  as  to 
secure  the  highest  economy  possible  in  this  u«e  of  the  fuel.  Fire 
is  then  kindled  in  the  straw  or  shavings;  when  the  flames  have  com- 
municated themselves  to  the  cord-wood  and  lowermost  layer  of  coal, 
and  tongues  of  flame  shoot  out  from  the  crevices  in  the  sides  of  the 
heap,  earth,  previously  loosed  by  a  few  turns  of  the  plow  about  the 
heap,  is  rapidly  spread  over  the  entire  heap,  thus  damping  the 
draughts  and  retarding  the  combustion.  Fig.  1  represents  crudely 
this  arrangement  of  the  materials  in  the  heap.  Steam  and  smoke 
slowly  escape  during  the  first  hours,  but  later  the  entire  heap,  includ- 
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Fig.    1. 

ing  the  outer  covering  of  earth,  is  heated  to  a  dull  red  glow.  The 
burning  goes  on  slowly  for  several  days,  the  interior  often  being  hot 
for  several  weeks.  When  the  lower  portion  of  the  heap  has  reached 
an  advanced  state  of  calcination,  a  portion  of  the  outer  layer  of  lime 
sometimes  slips  down;  if  so,  a  fresh  covering  of  earth  must  be  prompt- 
ly' applied  at  the  exposed  point;  otherwise,  it  will  serve  as  a  vent  for 
the  heat,  and  the  top  and  other  sides  will  fail  of  proper  calcination. 

In  other  localities  the  heap  is  covered  with  compact  earth  or  sod 
before  the  fire  is  kindled,  a  few  openings  being  left  at  the  top,  whereby 
the  steam  and  smoke  may  escape;  these  openings  are  stopped  as  soon 
as  the  smoke  has  disappeared.  Low*  states  that  in  England  a  com- 
pact wall  is  carefully  built  around  the  lower  portion  of  the  heap, 
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with  proper  draught  holes,  and  that  the  top  is  covered  with  turf  or 
mud.  "This,"  he  says,  "is  an  expensive  method  of  burning,  from  the 
large  jquantity  of  fuel  required;  but  from  the  more  slow  and  gradual 
combustion,  the  lime  is  reckoned  t^iiperior  to  that  produced  by  other 
means."  The  quantity  of  fuel  used  in  Centre  county  is  roughtly  one 
ton  of  coal  for  each  100  bushels  of  lime,  though  a  heap  of  3,000 
bushels  is  sometimes  satisfactorily  burned  with  twenty  tons  of  coal; 
that  is,  the  ratio  of  coal  to  lime  ranges  from  1:3.5  to  1:5,  or,  esti- 
mating on  the  basis  of  compact  limestone,  yielding  about  thirty 
bushels  of  lime  to  the  perch,  one  ton  of  coal  would  burn  from  three 
and  one-third  to  five  perches. 

Frasch*  expresses  the  fuel  requirement  in  other  terms,  viz:  as 
1.25  volumes  of  coal  slack  for  each  six  volumes  of  stone. 

Kiln  Burning. 

Of  kilns  there  is  a  great  variety  in  form  and  construction,  but 
they  may  be  grouped  as  belonging  to  one  of  three  type^: 

A.  Intermittent  kilns,  which  require  the  complete  calcination  and 
removal  of  one  charge  before  another  can  be  introduced. 

B.  Perpetual  kilns,  from  which  the  earlier  calcined  portions  can 
be  removed  and  fresh  charges  introduced  while  the  burning  is  in 
progress.    Of  these  there  are  two  kinds: 

a.  Ordinary  draw-kilns,  in  which  the  fuel  and  stone  are  intro- 
duced in  alternate  layers. 

b.  Flame-kilns,  into  which  the  stone  is  introduced,  unmixed 
with  fuel. 

The  vntermittent  kiln  is  not  so  frequently  used  as  the  draw-and 
flame-kilns.  It  is  sometimes  employed  where  quite  small  quantities 
of  lime  are  to  be  prepared  with  the  use  of  wood  as  fuel.  In  such 
kilns,  a  dome  of  large  pieces  of  limestone  is  built  within  the  kiln,  the 
inner  walls  of  the  kiln  forming  the  abutment  upon  which  it  rests. 
During  the  forming  of  the  dome,  the  stone  is  supported  upon  false 
work.  Upon  this  dome  the  smaller  stone  is  placed  until  the  kiln  has 
filled.  Well-seasoned  short-length  wood  is  then  set  on  end  upon  the 
grate,  with  which  such  kilns  should  be  supplied,  and  kindled.  The 
draught  must  be  carefully  regulated  to  ensure  a  gentle  heat  at  the 
outstart,  the  fire  being  gradually  increased  during  eight  hours;  other- 
wise, the  quarry  water  in  the  large  stone  will  be  too  suddenly  con- 
verted to  steam,  rending  them  and  possibly  causing  the  arch  to  give 
way.  The  mass  will  then  have  settled  about  one-sixth  and  a  crow-bar 
will  work  easily  in  it;  the  top  of  the  kiln  is  then  closed  to  confine  the 
heat  and  complete  the  calcination  of  the  upper  layers,  which  requires 
ten  to  twelve  hours  more.  With  such  kilns,  the  vertical  distribution 
of  heat  is  very  uniBven;  hence,  the  kilns  are  made  of  rather  large 
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diameter  and  low,  so  that  the  bottom  lime  may  not  be  overburnt  and 
the  top  layers  left  "raw''  or  incompletely  calcined. 

Frasch*  states  that  in  such  kilns  from  two  to  three  volumes  of  hard 
wood  are  required  for  each  volume  of  lime. 

Vhejlame  kiln  will  be  mentioned  next.  In  this  kiln  the  draw-arch 
is  situated  below  and  is  independent  of  the  fire-arch;  and  the  latter 
is  always  provided  with  a  grate  and  underlying  shallow  pit  from 
which  the  ashes  may  be  removed  as  necessary.  Because  of  these 
peculiaritiee  of  construction,  as  well  as  for  the  purpose  of  securing 
a  good  draught,  flame-kilns  are  usually  given  a  relatively  great  height. 
Also,  with  the  object  of  securing  a  more  even  firing,  a  single  kiln 
usually  has  two  or  more  fire  arches  opening  into  it  from  different 
sides,  the  fuel  being  delivered  to  an  elevated  platform,  from  which 
it  is  shovelled  upon  the  grate  as  the  burner  thinks  necessary.  Many 
such  kilns  have,  instead  of  a  circular,  hozizontal  cross  section,  one 
of  oval  form,  the  diameters  being  to  each  other  approximately  as  four 
to  six.  Just  about  the  level  of  the  fire  arches,  the  interior  of  the 
kiln  is  divided  by  a  vertical  wall,  the  top  of  Which  is  narrowed  to 
a  sharp  ridge,  while  the  thickness  of  the  wall  increases  toward  its 
base  in  such  manner  that  the  interior  of  the  kiln  is  divided  into  two 
compartment®  gradually  curving  out  toward  the  draw-arches.  All 
openings  into  the  kiln  are  provided  with  doors,  permitting  the  regula- 
tion of  the  draught.  It  is  claimed  for  these  (1)  that  they  keep  the 
lime  free  from  impurities  introduced  in  the  fuel;  (2)  that  the  stone  is 
more  evenly  burned;  (3)  that  they  are  more  convenient  in  working; 
and  (4)  that  they  are  by  far  the  most  economical  in  their  fuel  require- 
ments. The  kiln  should  have  such  capacity  as  to  hold  from  1.75  to  2 
times  the  amount  of  stone  recjuireil  lor  the  daily  yield  of  lime  desired; 
the  material  is  subject  to  the  heat  for  twenty -four  to  forty-eight  hours, 
and  the  lime  is  drawn  every  »ix  to  eight  hours  as  the  capacity  of  the 
"thimble,"  or  receptacle  for  the  burnt  lime  in  the  lower  portion  of  the 
kiln,  may  make  needful.  The  saving  in  fuel,  at  least  when  wood  is 
used,  is  claimed  to  be  at  least  three-sevenths  of  that  required  by 
intermittent  kilns  of  the  same  output.  Various  manufacturers  esti- 
mate that  one  cord  of  wood  will  burn  from  60  to  110  bushels  of  lime, 
according  to  the  quality  of  the  fuel  and  stone  and  the  conditions  of 
burning.  Frasch  estimates  that  in  the  fiame-kiln  thirty-six  to  forty 
pounds  of  hard  wood  is  required  for  each  cubic  foot  of  lime  produced, 
and  that  in  the  Hoffman  type  of  kiln,  five  pounds  of  coal  elack  is  suf- 
ficient for  this  volume  of  lime. 

The  flame-kiln  is,  for  the  production  of  lime  of  a  very  pure,  even 
quality  and  for  economy  of  fuel,  which  reaches  its  highest  importance 
in  large  operations  carried  on  continuously,  to  be  preferred  to  any 
other  type  of  kiln. 
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The  ordinary  draw-kiln  is,  however,  far  cheaper  in  construction, 
and  for  this  reason,  is  commonly  adopted  where  operations  are  not 
extensive  and  where  the  inclusion  of  some  ashes  from  the  intermixed 
fuel  is  not  highly  injurious  to  the  use  for  which  the  lime  is  intended. 
There  are  many  differences  in  the  detail  of  construction  of  such  kilns. 
The  writer  has  seen  in  Somerset  county,  in  a  locality  where  suitable 
building  stone  for  exterior  walls  i»  not  readily  obtainable,  kilns 
whose  outer  walls  and  draw-arch  are  constructed  simply  of  a  crib- 
work  of  rough,  notched  logs;  the  interior  walls  were  built  up  some- 
what in  the  form  of  a  peach  basket,  from  thin  sandstone  found  in  the 
neighborhood,  laid  fiat  sides  horizontal;  between  this  inner  shell  and 
the  crib  work,  clay  was  carefully  tamped  in,  forming  a  retaining  wall 
for  the  lining  of  the  kiln.     Figure®  2  and  3,  after  Gilmore,  represent 


Fife'.     2. 


20' 


M   ^   ' 

!^  "T  ■     " 

f     A 

1     J 
1 

(0 

1     i^#   i 

s; 

m  §!  M [__ 

m*^;  /y^M^aii 

Fig.     2. 

20' 


^'/ib-M/^ 


A— The  bcdy  of  the  kiln;  B— The  bosh;  C— The  draw-arch;   D— The  door;  E— Flue 
proposed    by    Shortlldge. 

cross-sections  of  two  common  forms  of  draw-kilns;  that  represented 
by  Fig.  3  being  most  frequently  adopted  in  Pennsylvania.  The 
outer  walls  are  commonly  built  of  limestone,  sometimes  of  brick: 
instead  of  being  vertical,  as  represented  in  the  cut,  it  is  preferred 
that  they  should  have  a  slight  batter.  Since  they  have  a  tendency 
to  crack  and  spread  near  the  top  after  the  kiln  is  heated,  it  is  best 
to  use,  to  strengthen  the  upper  walls,  several  sets  of  iron  tie-rods, 
crossing  from  side  to  »ide  in  the  space  between  the  inner  and  outer 
walls  of  the  kiln;  these  may  pass  through  horizontal,  stout  strips  of 
timber  on  the  outside  to  more  effectually  apply  their  retaining  force; 
the  rods  should  be  secured  at  the  ends  by  strong  nuts,  with  large 
waahers.  The  inner  wall  should  be  built  of  the  best  fire-brick  if  the 
kiln  is  intended  for  hard  use;  sometimes  satisfactory'  substitutes  for 
fire-brick  are  obtained  in  sandstone  and  hard  clav-slate  found  in 
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locality.  The  space  between  the  inner  and  outer  walls  is  commonly 
filled  with  well-tamped  earth,  which  serves  as  a  good  retaining 
wall  and  as  an  excellent  non-conductor  of  heat.  It  is  often  con- 
yenient  to  examine  the  glowing  mass  in  the  middle  portions  of  the 
kiln  and,  in  case  it  clogs,  as  sometimes  happens,  to  be  able  to  stir 
it  down.  Both  advantages  are  secured  by  building  into  the  kiln 
several  two-inch  iron  tubes  that  pass  from  the  exterior  at  convenient 
points,  horizontally  through  the  inner  wall;  when  not  in  use  they  are 
closed  by  plugs,  or  caps;  they  admit  a  long  iron  rod  by  means  of  which 
the  clogged  lime  can  be  poked  and  worked  down.  The  opening  from 
the  interior  of  the  kiln  into  the  draw-arch  should  be  closed  by  a  door, 
so  that  the  amount  of  air  admitted  at  that  point  may  be  regulated. 

By  many  lime  burners  the  iron  shell  kiln  is  being  adopted.  This  is 
a  kiln  whose  body  is  formed  from  boiler  iron,  lined  with  fire-brick 
and  supported  upon  iron  pillars  or  upon  an  arch  of  masonry.  It 
may  either  be  simply  enclosed  within  a  wooden  building  or,  for 
better  prevention  of  loss  of  heat,  within  a  wall  of  masonry  suitably 
packed  with  broken  stone  or  earth. 

The  late  Col.  Wm.  Shortlidge,  of  McCalmont  &  Co.,  the  owners  of 
extensive  lime  kilnb  at  Bellefonte,  Pa.,  a  lime  manufacturer  of  many 
years'  experience,  mentioned  to  the  writer  the  difficulty  of  regulating 
the  draught  so  as  to  secure  an  even  calcination,  as  one  of  the  most 
serious  objections  to  the  ordinary,  single-arch  draw-kiln.  As  a 
remedy,  he  proposed  that  a  ring  flue  be  constructed  with  its  air 
inlets  opening  from  the  sides  of  the  draw-arch  and  discharging 
through  three  or  four  vertical  branches  ending  in  stout  iron  gratings, 
about  9  inches  by  12  inches,  set  at  the  same  height  in  the  sloping  walliJi 
of  the  bosh  of  the  kiln,  so  as  to  introduce  air  more  uniformly  to  differ- 
ent parts  of  the  kiln.  He  had  already  tried  a  modification  of  the  old 
form  of  kiln  in  which  this  feature  had  been  imperfectly  introduced, 
and  found  it  to  result  beneficially.  The  location  of  this  flue  with  one* 
of  its  branches  is  dotted  into  the  vertical  section.  Fig.  3,  at  E.  It 
would  be  desirable,  the  writer  would  suggest,  to  provide  passages, 
closed  with  suitable  doors  let  into  the  sides  of  the  kiln,  constructed 
at  right  angles  to  the  axis  of  the  draw-arch,  for  the  annular  flue 
will,  in  time,  be  stopped  by  the  fine  material  that  passes  through 
the  gratings  and  this  dust  must  be  removed  to  keep  the  draught  in 
proper  regulation. 

The  location  of  the  kiln  also  has  much  to  do  with  the  draught.  If 
the  latter  be  poor,  the  burning  is  expensively  slow.  It  is  well  known 
in  regard  to  chimneys  that  if  their  tops  be  lower  than  the  roof  of 
the  house  or  than  the  leafy  tops  of  neighboring  trees  and  the  wind 
pass  over  the  roof  or  tree  top  toward  the  chimney,  a  down-flow  of 
air  pours  upon  it  and  effectually  checks  the  upward  passage  of  the 
heated  air  from  the  cap  or  top.    A  similar  checking  of  the  draught 
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occurs  in  kilns  situated  in  like  manner  with  reference  to  a  steeply 
sloping  hillside.  On  the  contrary,  if  the  draw-arch  face  the  prevail- 
ing wind  and  be  provided  with  no  regulating  door,  over-burning  often 
results  from  the  occurrence  of  too  fierce  a  draught. 

So  important  are  the  points  of  regulation  of  draught,  fuel  pro- 
portion and  quality  of  stone  and  coal  to  which  a  skilful  burner  closely 
attends,  that,  according  to  an  experienced  lime  manufacturer,  a 
flame-kiln  of  modern  construction,  with  body  of  oval  cross  section, 
4i  f eetx6i  feet,  and  a  height  of  22  feet  above  the  fire  arch,  which  will, 
under  most  favorable  conditions,  yield  500  bushels  of  lime  per  diem, 
yields,  in  actual  practice,  with  ordinary  average  stone  and  ordinary 
conditions,  only  200  to  250  bushels.  The  same  authority  states  that 
a  kiln  having  been  built,  it  is  common  experience  to  be  obliged  to 
materially  modify  arches,  door-ways,  etc.,  to  adapt  the  draught  quali- 
ties of  the  kiln  to  the  particular  movements  of  wind  currents  in  the 
locality  of  this  single  kiln. 

The  variation  in  the  quantity  of  coal  required  in  this  type  of  kiln 
ranges,  according  to  computations  based  upon  data  given  by  Gil- 
more,*  from  1:2.25  to  7.2  parts  of  the  burnt  lime.  Frasch** 
states  that  for  three  volumes  of  the  stone,  one  volume  of  soft  coal, 
one  and  one-half  volumes  of  coke  or  three  to  four  volumes  of  lignite  is 
required.  Magnesian  limesf  and  cements  require  somewhat  smaller 
proportions  of  fuel.  GilmoreJ  states  that  3,500  lbs.  of  anthracite 
coal  is  sufficient  for  100  barrels  of  cement  of  300  lbs.  each,  which  is  a 
ratio  of  one  part  coal  to  8.6  parts  calcined  cement.  The  coal  should 
be  of  a  low  ash  content,  if  possible,  to  diminish  the  danger  of  "clink- 
ering." 

The  best  calcination  occurs  when  the  stone  is  broken  into  rather 
small  pieces;  this  is  especially  true  in  burning  impure  limestones, 
which  should  be  broken  to  less  than  six  inches  in  diameter. 

In  the  operation  of  the  ordinary  draw-kiln,  kindling  is  placed  upon 
the  grate,§  covered  with  coal  followed  by  stone,  coal  and  stone 
alternating  to  the  top  of  the  kiln,  which  is  often  surmounted  by  a 
wooden  crib  by  which  its  capacity  is  increased  and  the  heat  more 
fully  utilized.  In  filling  the  kiln  before  the  burning  has  begun,  the 
lower  coal  layers  are  made  unusually  thick  in  proportion  to  those  of 
stone,  for  reasons  already  suggested  in  discussing  the  burning  in 
heaps;  later,  the  normal  proportions  are  maintained.  Others  prefer 
to  fill  the  kiln  one-half  to  two-thirds  with  raw  stone,  then  adding  a 
layer  of  fuel  and  subsequent  layers  of  stone  and  fuel  as  in  the  charg- 
ing during  the  burning;  the  fuel  layer  is  in  such  case  connected  with 

*On  Limes,  Hydraulic  Cements  ami  Mortars,  1864,  ix  141. 
••Loe.  dt., 

tRoflooe  and  Schorlemmer,  Treatise  on  Chemistry,  II,  Part  I,  p.  190. 
top.  cU..  p.  117. 
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a  core  of  kindling  running  from  the  draw-arch.  The  object  of  thin 
arrangement  is  to  secuit*  a  more  uniform  management  of  the  heat; 
if,  however,  the  coal  layer  is  not  ignited  from  the  kindling,  the  ex- 
pense of  discharging  and  recharging  the  kiln  is  considerable. 

STAGES  OF  BURNING. 

According  to  H.  Reid*  there  are  two  distinct  stages  in  the  burning 
of  stone;  the  first,  during  which  water  is  expelled  and  organic  matter 
is  destroyed;  until  this  is  completed,  the  indication  being  the  disap- 
pearance of  vapor  readily  recognized  by  the  expert  eye,  the  applica- 
tion of  high  heat  is  wasteful;  the  second  stage  is  that  of  "decarbona- 
tation,"  and  is  completed  when  all  the  carbonic  acid  that  can  be 
profitably  removed  has  been  dispelled,  which  is  accomplished  at  about 
the  temperature  of  bright  redness. 

It  is  diflBcult  to  expel  the  last  portions  of  carbonic  acid.  The  stone 
burns  more  rapidly  if  it  is  somewhat  moist.  Many  lime  burners  have 
been  in  the  habit  of  using  moist  wood  or  of  watering  the  stone  with  the 
object  of  developing  steam  to  promote  the  expulsion  of  carbonic 
acid. 

Frasch  observes  that  fresh-quarried  stone  burns  more  perfectly 
than  that  which  has  been  long  exposed  to  the  air  and  recommends 
periodic  injections  of  steam  or  air.  But  Mahanf  regards  the  practice 
as  disadvantageous  because  of  the  increased  fuel  requirement. 

BURNING  IMPURE  LIMESTONE. 

Impure  limestones  are  especially  difficult  to  calcine  uniformly; 
those  containing  sand  often  vitrify  at  a  temperature  not  much  above 
dull  red  heat,  and  the  hard,  glossy  lumps  left  on  cooling  are  not  only 
of  no  use  to  the  builder  or  farmer,  but  increase  the  difficulty  of  hand- 
ling the  other  material. 

When  very  impure  clayey  limestones  are  burned,  the  lime  unites 
with  the  clay,  which,  as  it  occurs  in  the  limestone,  is  insoluble  iu 
acids,  and  forms  by  union  with  it  silicates  that  are  completely  dis- 
solved by  acids.  Intimate  mixtures  of  pure  limestone  and  certain 
clays,  when  burned  together,  form  similar  silicates.  The  practice  of 
clay-burning  followed,  a  few  decades  ago,  in  many  parts  of  England 
and  Germany  as  a  means  of  improving  the  soil,  is  believed  to  have 
owed  its  value  to  the  formation  in  the  burnt  clay  of  similar  silicates; 
clay  deficient  in  lime,  was  not  benefitted  by  burning. 

TIME  OF  BURNING. 

The  length  of  time  required  for  ignition  in  the  draw-kiln  is  less 
than  in  the  intermittent  kiln.    The  lime  will  be  partially  drawn 

*PortIand  Cement,  p.  MS. 
tClvU  Enrlneerlnf,  p.  IS  t^q. 
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every  few  hours  so  far  as  the  burner  finds  it  to  have  been  satisfac- 
torily calcined;  no  absolute  time  rule  can  be  laid  down. 

According  to  Frasch  a  kiln  of  1,200  to  1,400  cubic  feet  capacity 
will  turn  out  700  to  900  cubic  feet  per  day  of  twenty-four  hours,  if 
ten  to  twelve  charges  be  drawn  during  that  period.  The  lime  expands 
in  volume  from  20  to  25  per  cent,  during  the  burning,  but  retains  the 
shape  of  the  original  stone.  Pure  lime  should  be  burned  rapidly,  as 
it  slakes  better  in  such  case,  but  if  incompletely  calcined  it  forms  a 
basic  lime  carbonate  and  is  "dead,"  or  incapable  of  slaking.  Com- 
pact limestone  cannot  be  so  rapidly  calcined  as  the  porous  varieties, 
but  yields  a  better  lime. 

As  the  lime  is  drawn,  the  major  portion  of  the  coal  ashes  can  be 
thrown  to  one  side,  but  some  will  remain  admixed  with  the  lime. 

WEIGHT  OP  LIMB. 

The  weight  of  a  bushel  of  lime  is  much  more  variable  than  is 
''.ommonly  supposed.  Lloyd*  says  *^A  ton  of  lime  equals  about  27 
bushels;''  that  is,  a  bushel  weight  is  75  lbs.  Robertsf  also  says, 
briefly,  "75  lbs.  of  stone  lime  are  sold  for  a  bushel  at  the  kilns  at  Union 
Springs,  N.  Y/' 

CookJ  states  that  a  bushel  of  good  stone  lime,  unslaked,  weighs 
93  lbs.;  of  oyster-shell  lime,  60  lbs.;  of  magnesian  stone  lime,  80  lbs. 
Legal  weights  for  a  bushel  of  unslaked  lime  have  been  established  by 
several  states  as  follows:  In  Ohio  and  Michigan,  70  lbs.;  in  Virginia, 
Georgia,  Illinois,  Iowa,  Kansas,  Nebraska  and  Colorado,  80  lb8.§.  In 
Pennsylvania,  the  more  commonly  accepted  bushel  weight  is  72  lbs. 

In  view  of  the  range  of  these  figures,  it  was  thought  of  interest  to 
inquire  somewhat  more  particularly  respecting  the  accurate  weight  of 
a  struck  bushel  of  the  fresh-burnt  limes  sold  in  the  State.  The  replies 
received  from  a  number  of  lime  burners  and  dealers  are  tabulated  in 
the  second  column  of  the  following  table: 

TABLE  I.— Weight  of  a  Bushel  of  Llnie.     (Struck   Bushel;  in  Pounds.) 


Qnany. 

Fresh- 
^umed. 

Slaked. 

Remarks. 

Berks  county: 

1.  Near  B«ehtel8Tll1e,  on  Colebrook- 
dale  R.  R.. 

M.  G.  Obcrholtier.  Prop'r 

S.  West  branch  of   Maiden  Creek, 
near  Calctum, 

J.  8.  Pearson  A  Co..  Prop'r,  

S.  Near  H«8t ,  Tulpehocken  Twp.. 
Jacob  Shaffner,  Prop'r,   

78 
78 

Solid,  blue  stone:  54  c   1.    44    o.  m 

40 
40 

Stone  never  analysed. 

Stone  never  analyzed,    bums   to  s 

fine,  white  lime  fit  for  building. 

•Science  of  Agriculture,  p.  119. 

tFertlllty  of  the  Land.  p.  806. 

tReport  of  the  New  Jersey  State  Agricultural  Experiment  Station.  1881.  p.  81. 

%Cf.  Report.  U.  S.  Dept.  Agriculture  1880.  p.  117. 
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Qaany. 


FrMh- 
bumtd. 


BlalMd. 


Blair  oounty: 

4.  Nmt  Union  Punuic*,   on  main 

line  P.  R.  R.. 
Keystone  Llmo  and   Stona  Co., 
Tjrrone,  Prop'r,  

5.  Btanfleld   Station,    Hollidarsburg 

and    Martlnsburr    Branch,    P. 
R.  R., 
John    Manning,     HoUidayiburg, 
Prop'r,    

6.  FrankBtown,  on  P.  R.  R., 

J.  Kins  McLanahan.  Jr..  Holll- 
daysburr,  Prop'r,  

Chester  county: 

7.  Near  Avondale,    Phlla.   &  Balto. 

Central  R.  R., 
Avondale  Ume  and  Stone  Co., 
Prop'r,  


/ 

Franklin  county: 

8.  Near   Wllllamaoii,    on   8.   Penn. 

R.  R,, 
Isaao  Leeher,  Prop'r,  

Lancaster  county: 

9.  At  QuarryylUe, 

L  Oalen  Lefevre,  Prop'r,  

Lebanon  county: 

10.  One-half  mile  from  Annrllle, 
Jno.  A.  Bachman,  Prop'r 

Lehigh  county: 

11.  At  Forelsvllle, 

A.  W.  Held,  Prop'r 

12.  Near  Tlgypt, 

B.  D.  Boyer,  Oatasauqua,  Prop'r, 

Lycoming  county: 
IS.  On  Pine  Creek,  near  Beech  Creek 
R.  R., 
J.  Sebrlng,  Jersey  Shore,  Prop'r, 

Monroe  county: 

14.  Boshardsvllle. 

Jno.  P.  Carmer,  Prop'r 

15.  Boshardsvllle, 

Peter  M.  Heller,  Porp'r 

16.  Stormville. 

Allen  Metsger.  Prop'r 

Montgomery  county: 

17.  Whlteraarsh  and  Pljrmouth  Twps.. 
O.     W.     H.     Corson,     Plirmouth 

Meeting.   Prop'r,   

18.  Port  Kenned3% 

Todd  A  Son,  Prop'rs,  

Northampton  county: 

19.  l\k  mllos  South  of  Nasareth, 
Edw.  Fehnel,  Prop'r,  

Tork  county: 

20.  Hendrix    Station,    Western    Md. 

R.  R.. 
Blttinger    St    Eberly,     Hanover, 
Prop'  rs 

Sussex  Co.,  New  Jersey: 

21.  Montague, 

Gea  M.  Cole,  Prop'r 

East  Canaan,  Conn.: 

22.  Canfleld    Bros.,    Prop'rs:    D.    T. 

Gates.    Agt.,    Mansfield.    Tioga 
Co..  Pa. 


72 


7S-I0 


f  a.  70-75 


75-80  iJSeorless. 


100 

88-70 

T2, 

80 
75 
70 


70 

70 

^ 

80 

60-iO 

8K 

80 

about  40 

100 

Slaked  weight  la  for  dry-alaked 
lime;  analysis:  o.  1.,  96;  o.  m.,  I 
per  cent. 


Slaked  weight  is  air-slaked; 
sis,  98  per  cent,  c  1. 


analy- 


Analysis,   94  per  cent, 
cent.  0.  m. 


o.   I.,  8  per 


Stone  varies  from  a  pure  c  1.  (flah 
egg)  to  a  mica  schist;  stone  burned 
has  some  magnesia,  as  It  Is  the 
only  kind  in  this  quarry  that  will 
stay  in  lump  during  burning. 
Average  composition,  70-80  c  1.; 
16-2(  c  m. 


L  soft-burned;  b.  hard-burned; 
slaked  lime  weighs  half,  or  leas 
than  half  as  much  as  stone  lime. 


Analysis  shows  90  per  cent.  o.  1. 

Analysis  shows  92  per  cent.  o.  L, 
1  per  cent.  c.  m.;  adjoins  cement 
rock  deposits. 


Analysis,  M  per  oent.  o.  L,  1.6  o.  sl 


Screenings  only  sold  for  farm  usa 

Anal3rsls,  68  c.  1.,  4»  c.  m..  stone 
from  from  Chester  Valley  dolomite 
Sell  screenings  only  for  farm  net 
rest  for  building  purposes. 


Stone  Is  of  a  slaty  nature. 


Analysis,  88  per  oent.  o.  1.,  8  per 
cent,  c  m.,  4  per  cent.,  carb.  of 
potash. 


The  lime  Is  shipped  to  Penna.    In 
barrels. 
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The  wide  range  from  60  to  100  lbs.  per  bushel  is  thus  reported  for 
stone  limes,  the  average  for  the  twenty-three  Qorts  being  76.2  lbs. 
There  is  no  clearly  distinguishable  relation  between  the  composition 
of  the  stone  and  the  weight  of  the  lime;  compare,  for  example,  Nos. 
1  and  18  and  Nos.  11  and  12;  so  that  the  porosity  of  the  original  stone 
is  clearly  the  most  influential  factor,  to  which  no  doubt  the  conditions 
of  burning  add  another  potent  influence.  Thus,  Frasch  notes  that 
a  given  volume  of  lime  from  a  draw-kiln  weighed  55  lbs.,  but  the  saine 
volume  of  lime  produced  from  the  same  stone  by  calcination  in  a  Hoff- 
man flame-kiln  weighed  only  50  lbs. 


SLAKING  OF  LIMB. 

The  general  phenomena  of  slaking  and  its  chemical  nature  have 
already  been  mentioned.  Limes  exhibit,  according  to  the  composi- 
tion of  the  rocks  from  which  they  have  been  prepared  and  the  manner 
in  which  they  have  been  burned,  differences  in  regard  to  slaking  so 
great  that  they  constitute  the  basis  of  the  most  commonly  accepted 
classification  of  limes  and  cements. 

Oihaoris  Classification. 

Qilmore*  has  given  the  most  satisfactory  classification  for  our 
present  purposes.  He  divides  limes  and  cements  into  five  distinct 
classes,  as  follows: 

1.  Common,  or  fat,  limes:  Contain  usually  less  than  10  per  cent, 
of  impurities.  In  slaking,  swells  to  two  to  three  and  one-half  times 
original  volume;  with  suflQcient  water,  form  a  homogenous  paste, 
very  soluble  in  water;  the  paste  will  not  harden  under  watei:  or  under 
the  air  pump,  but  on  standing  in  the  air,  whereby  calcium  carbonate 
and  crystals  of  calcium  hydrate  are  formed.  The  paste  shrinks 
greatly  in  hardening;  hence,  the  need  for  addition  of  sand  in  making 
mortar. 

2.  Poor,  or  meagre,  limes:  Contain  10  to  25  per  cent,  of  impurities, 
sometimes  as  much  as  39  per  cent.  Slake  sluggishly,  unevenly  and 
with  much  less  heat  and  swelling  than  fat  lime.  Paste  less  i)erfectly 
soluble.    Silica  is  present  chiefly  as  sand.  ^ 

3.  Hydraulicf  limes:  "Seldom  contain  35  per  cent,  of  impurities. 
Slake,  but  with  little  disengagement  of  heat  or  vapor  and  swelling 
rarely  more  than  one-third  of  the  original  volume.  They  are  sub- 
divided as  follows: 

a.  Limes  slightly  hydraulic;  impurities,  10-20  per  cent.;  stiff 
paste,  hardens  under  water  in  fifteen  to  twenty  days. 

•Op.  HU,  p.  m  »eq. 
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several  inohes  of  fresh,  moist  soil  from  an  upturned  furrow  slice,  it 
will  take  from  the  earth  all  the  water  needed  for  slaking  to  a  fine 
powder.  If,  however,  heaps  of  25  to  200  bushels  are  to  be  slaked, 
it  is  well,  after  covering  with  a  heavier  layer  of  moist  soil,  to  make 
small  openings  into  the  center  of  the  mass  by  use  of  a  crow-bar  and 
to  pour  in  water  through  these  openings.  The  steam  formed  will 
perfectly  slake  the  lime  in  all  parts  of  the  heap. 

Weight  of  Slaked  Lime. 

Concerning  the  volume  occupied  by  water-slaked  lime.  Dr.  Geo.  E. 
Cook*  states  that  1  bushel  of  good  stone  lime  weighing  93  lbs., 
slakes  to  nearily  3  bushels,  each  of  about  45  lbs.  weight;  that  a  bushel 
of  oyster-shell  lime  weighing  60  lbs.  forms  somewhat  over  2  bushels 
of  slaked  lime,  each  of  about  40  lbs.  weight,  and  that  1  bushel  of 
magnesian  lime,  weighing  80  lbs.,  yields  2  bushels  of  slaked  lime, 
each  of  40  lbs.  weight.  It  is  evident,  however,  that  the  conditions 
of  burning,  purity,  etc.,  of  the  lime  and  the  conditions  of  slaking  also 
greatly  modify  the  changes  in  volume  occurring  during  slaking. 
Thus,  Gen.  Tottenf  states,  as  the  result  of  many  trials  that  one  volume 
of  quick-lime  yields,  when  slaked  with  one-third  volume  of  water, 
2.27  volumes  of  powder;  with  two-thirds  volume  of  water,  1.74 
volumes  powder;  with  three-fourths  volume  of  water,  1.81  volumes 
of  powder;  and  with  an  equal  volume  of  water,  2.06  volumes  of 
powder. 

Air'Slaking. 

There  is  another  process  of  slaking  to  which  attention  must,  in  this 
connection,  be  especially  directed,  that  of  air  slacking.  When  caustic 
lime  is  exposed  in  lump  to  the  action  of  the  air  it  gradually  slakes 
and  falls  to  powder  as  a  result  of  the  absorption  of  moisture  from 
the  atmosphere.  At  the  same  time  with  the  absorption  of  moisture, 
carbonic  acid  is  also  taken  up  and  more  oi:  less  of  the  lime  returns  to 
its  former  state  of  combination  as  carbonate,  though  now  in  a  finely 
powdered  form,  instead  of  compact  as  in  the  stone.  Consequently, 
such  lime  is  possessed  of  less  causticity.  GilmoreJ  says  that  while 
in  a  layer  of  ten  to  twelve  inches  thickness,  some  limes  completely 
air  slake  in  twenty  to  twenty-five  days,  others  would  require  as  many 
weeks  and  some  a  year.  In  mortar,  the  carbonate  forms  first  on  the 
outer  surface  and  then  more  slowly  in  the  interior.  Vicat§  states  that 
this  layer  is  only  .10  to  .12  inches  deep  at  the  end  of  a  year,  and  Reid|| 
further  asserts  that  analyses  of  mortars  taken  from  buildings  erected 

*Loe.  ciL 
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more  than  a  century  before,  still  show  that  a  portion  of  the  lime  in  the 
interior  of  the  mortar  has  never  been  carbonated,  the  solidification 
or  "setting"  of  the  mortar  being  more  largely  due  to  the  crystalliza- 
tion of  the  calcium  hydrate  than  to  its  conversion  into  the  solid  car- 
bonate. 

Lime  exposed,  in  small  heaps  in  the  field,  to  the  action  of  heavy 
rains  and  of  the  air,  falls  to  a  powder  more  or  less  coarse,  containing 
a  large  proportion  of  carbonate.  Even  when  covered  with  a  thin 
layer  of  earth,  some  carbonate  is  formed.  In  a  heap  of  pure  lime 
thus  slaked,  Voelcker*  found  over  15  per  cent,  of  calcium  carbonate. 

H.  J.  Wheelerf  states  that  dry,  fine,  air-slaked  lime,  such  as  has 
been  bought  from  time  to  time  by  the  Rhode  Island  Experiment 
Station,  has  been  found  to  contain  but  68  to  75  per  cent,  of  the  caustic 
lime  (calcium  oxid). 

The  practice  of  covering  during  slaking  is  much  to  be  preferred 
and,  where  possible,  that  of  slaking  in  one  large  heap,  rather  than  in 
a  number  of  small  piles.  At  all  events,  lime  should  be  exposed 
in  uncovered  heaps  no  longer  than  is  necessary  for  the  slaking  to  a 
fine  powder,  after  which  it  should  be  promptly  distributed  and 
worked  into  the  soil. 

The  change  in  volume  during  air-slaking  is  even  greater  than  that 
which  is  caused  when  the  lime  is  slaked  by  sprinkling.  Reference 
to  the  table  giving  the  bushel  weights  of  fresh-burned  and  slaked 
limes  produced  or  on  sale  in  Pennsylvania  shows  that  they  range 
from  30  to  60  pounds,  averaging  over  40  pounds. 

TESTS  FOR  QUALITY  OF  LIMESTONE. 

.  If  it  be  desired  to  make  some  test  of  limestone  to  determine  its 
quality,  spalls  should  be  taken  from  a  freshly  exposed  surface  of 
the  stratum  to  be  tested;  these  should  be  broken  fine  and  a  carefully 
weighed  or  measured  portion  heated  with  a  dilute  acid.  The  acid 
used  may  be  muriatic  (hydrochloric),  nitric  or  acetic;  a  liberal 
amount  of  good  strong  vinegar  may  be  used.  The  heating  should  be 
carried  on  in  a  porcelain-lined  or  granite-ware  cup.  If  carbonate 
of  magnesia  be  present  in  large  proportion,  the  stone  will  not  bubble 
or  effervesce  strongly  upon  the  addition  of  cold  acid,  as  it  would  were 
the  stone  composed  chiefly  of  carbonate  of  lime  with  insoluble  im- 
purities only.  The  acid  solution  may  be  carefully  poured  off  after 
heating.  The  insoluble  residues  left  in  the  cups  by  different  strata 
can  then  be  roughly  compared,  and  their  nature  as  clay  or  sand  noted. 
Or,  larger  pieces  of  the  stone  may  be  burned  in  a  coal  fire;  the  cal- 
cined stone,  better  the  inner  portion  of  it,  may  then  be  treated  with 
water  to  note  its  slaking  properties,  the  liberation  of  high  heat,  great 
swelling  and  final  formation,  if  the  water  be  added  in  proper  propor- 

•C/.  Uojd,  Bel*iiM  of  Affrloiiltvr*,  p.  U4.  ^  i 
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them.  In  the  following  table,  compiled  by  Johnson,*  a  general 
statement  is  given  of  the  composition  of  the  ashes  of  the  ordinary 
crops  as  they  are  at  time  of  harvest,  and  will  suflSce  to  exhibit  the 
more  important  differences  in  their  lime  content: 

TABLE  II— Camiwsltion  of  Ashes  from  Principal  Classes  of  Crops. 
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These  figures  show  clearly  that  the  straw  is,  weight  for  weight, 
richer  in  lime  than  the  grain,  and  the  tops  of  the  root  crops  richer 
than  the  roots;  also,  that  the  straw  of  legumes,  such  as  peas,  beans 
and  clover,  is  richer  in  lime  than  that  of  the  grasses  and  common 
cereals. 

LIME  REMOVED   BY  CROPS. 

Taking  into  account  the  average  amounts  of  ash  in  the  various 
farm  crops  and  the  composition  of  the  several  ashes,  using  American 
analyses  for  the  computation  of  the  seveinl  averages,  where  they 
are  available,  the  quantities  of  the  various  i»lant  constituents  that  are 
removed  from  the  soil  by  the  respective  crops,  are  as  follows: 


•How  Crops  Grow,  1890,  p.  17L 
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DISTRIBUTION  OF  LIME  IN  THE  PLANT. 

The  kinds  and  quantities  of  ash  constituents  in  any  given  part  of 
the  plant  are  not  constant,  but  vary  not  only  with  the  species  and 
variety  of  the  plant,  and  with  the  conditions  under  which  it  grows, 
but  also  in  the  same  plant  during  its  development.  A  number  of 
interesting  observations  have  been  made  upon  the  movements  of 
lime  in  various  plants,  of  which  a  few  may  be  cited. 

Of  the  various  organs,  the  leaves  are  richest  in  lime,  except  in  the 
case  of  trees,  whose  bark  surpasses  the  leaf. 

The  investigations  of  Arendt*  show  16.7  and  17.2  per  cent.,  respec- 
tively, in  the  lower  and  upper  leaves  of  the  oat  plant,  while  the  stem 
contains  3.6  to  8.6  per  cent.,  and  the  ears  7.3  per  cent.  The  older 
leaves  usually  contain  far  more  than  those  of  less  maturity.  Thus, 
Bretschneider,t  comparing  the  inner,  or  younger,  leaves  of  the  sugar 
beet  with  the  outer,  or  older,  leaves,  found  in  the  innermost  only  4.7 
per  cent.,  as  compared  with  24.2  per  cent,  in  the  outermost.  Another 
of  many  illustrations  of  this  fact  is  found  in  the  case  of  the  chestnut. 
Fliche  and  GrandeauJ  found  in  leaves  taken  May  1, 18.41  per  cent,  of 
lime,  and  in  others  taken  October  12,  49.50  per  cent.,  while  the  per- 
centage of  magnesia  differed  little,  and  those  of  potash  and  phos- 
phoric acid  were  greatly  diminished  in  the  older  leaves. 

Studying  the  changes  that  occur  during  the  development  of  the 
grain  of  oats,  Arendt§  obtained  results  indicating  a  transfer  of  lime 
with  potash  from  the  grain  as  it  matures,  while  magnesia  and  phos- 
phoric acid  are  transferred  in  large  quantity  from  the  leaves  to  the 
grain. 

Lime  and  magnesia,  which  bears  so  much  resemblance  to  it  in  its 
chemical  reactions,  are  also  very  differently  distributed  in  the  grain 
of  cereals,  as  shown  by  the  analyses  of  bolted  wheat  flour  and  bran, 
from  which  it  is  clear  that  the  inner  portion  of  the  endosperm  from 
which  the  finer  flour  is  prepared,  contains  most  of  the  lime,  while 
magnesia  occurs  chiefly  in  the  bran.  Owing  to  the  relatively  small 
quantity  of  lime  in  the  seed,  as  compared  with  that  in  the  leaf,  it  is 
not  surprising  that  Boehm,||  Von  Liebenberg,**  Dehdrain  and 
Br^alft  have  discovered  that  under  ordinary  conditions  of  germina- 
tion, lime  is  the  first  ash  constituent  required  to  be  supplied  from  the 
soil  in  order  that  the  processes  of  vegetation  may  be  completed. 

In  the  sprouting  of  the  tubers  of  potatoes,  Kellermann}J  found, 
on  the  ether  hand,  that  while  the  total  ash,  potash  and  phosphoric 

•Cf.  Johnson.  How  Crops  Grow,  1890,  p.  171. 
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acid  in  the  tubers  steadily  decreased  for  fourteen  weeks,  the  quantity 
of  lime  increased  five  fold,  being  taken  up  from  the  soil  and  held  in 
the  old  tuber  in  the  form  of  calcium  oxalate,  the  continuous  secre 
tion  of  oxalic  acid  and  formation  of  the  oxalate  accounting  for  the 
absorption  of  the  lime. 

Desbarres,*  in  studying  the  development  of  new  wood  of  the  sumac, 
found  little  change  in  the  composition  of  the  ash. 

COMPOUNDS  OF  LIME  IN  PLANTS. 

The  condition  in  which  it  exists  in  the  plant,  varies  with  the  species 
and  the  circumstances  of  its  growth.  When  the  plant  is  young  and 
the  lime  is  not  present  in  excess,  it  is  largely  combined  with  the  acids 
characteristic  of  the  species  in  the  form  of  an  acid  salt,  present 
in  solution  in  the  sap.  The  acid  malate  of  lime  sometimes  occurring 
so  abundantly  in  maple  sap  and  known  to  maple  sugar  makers  under 
the  names  of  "sand"  and  nitre,"  is  an  interesting  example  of  this 
kind  of  compound. 

LIME  SOMETIMES  PRESENT  IN  EXCESS. 

When  a  soluble  salt  of  lime  with  a  mineral  acid  is  taken  up  in 
excess  by  the  plant,  a  portion  of  it  may  be  excreted  through  the  leaf, 
to  be  washed  off  by  the  rain,  as  was  observed  by  Saussuref  in  the 
case  of  calcium  chlorid  upon  the  leaves  of  the  cucumber. 

Certain  rather  difficultly  soluble  compounds  of  lime  and  albumin- 
oids are  found  in  grains  and  as  calcium  carbonate  unites  with  some 
of  the  group  of  organic  substances  of  which  starch,  wood  and  sugar 
are  members, it  is  believed  by  some  investigators  that  similar  chemical 
compounds  occur  within  the  plant. 

When  lime  is  present  in  large  quantities,  much  of  it  is  present  in 
the  form  of  saline  encrustations  or  in  crystals.  Potato  leaves  often 
contain  considerable  quantities  of  solid  calcium  carbonate,  which  is 
also  often  found  in  wood  and  bark.  In  dense  teak  wood,J  concretions 
of  calcium  phosphate  are  often  found,  while  80  per  cent,  of  the  dry 
matter  of  Cactus  senilis  is  composed  of  calcium  phosphate  and  ox- 
alate. The  leaves  of  the  walnut,  the  leaf  stem  of  the  rhubarb  and 
the  beet  root  often  afford  beautiful  specimens  of  crystalline  calcium 
oxalate.  Sachs  found  in  the  root  of  the  young  bean,  crystals  of 
calcium  sulfate.  The  Saxifraga  crimtata^  a  low  European  plant 
found  in  lime  soils,  is  covered  by  a  scaly  encrustation  of  calcium  and 
magnesium  carbonates,  which  Unger§  found  to  proceed  from  granu- 
lar expansions  on  the  margin  of  the  leaf  directly  connected  with 
the  sap  ducts;  in  soils  poor  in  lime,  the  encrustation  does  not  appear. 

•Deh^raln,  Chlmie  agrricole,  p.  «1. 
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Berthier*  makes  the  interesting  observation  that  rye,  which  grows 
well  on  granitic  and  siliceous  soils,  contains,  in  the  ash  from  the 
mature  straw,  calcium  only  in  the  form  of  phosphate,  while  the  ash 
of  barley,  which  grows  upon  such  soils  only  after  they  have  been 
limed,  contains  not  only  as  much  calcium  phosphate,  but  also  a 
percentage  of  calcium  carbonate  much  larger  than  that  of  the  phos- 
phate. 

USES  OF  LIME  IN  THSS  PLANT. 

The  functions  performed  in  the  plant  by  lime  are  not  clearly  de- 
fined. That  it  is  useful  in  neutralization  of  plant  acids  and  in  their 
removal,  in  the  form  of  hisoluble,  neutral  salts,  when  in  excess  in  the 
sap,  has  already  been  made  apparent.  Grublerf  has  observed  the 
occurrence  of  both  calcium  and  magnesium  in  the  aleurone  grains 
of  seeds,  where  they  occur  as  soluble,  crystallizable  compounds  with 
the  albuminoids,  whose  dififusibility  they  thus  promote. 

There  is  evidence  to  indicate  that,  while  lime  is  not  essential  to  the 
formation  of  starch  in  the  leaf,  it  is  useful  in  the  normal  formation  of 
cellulose.  Boehmt  and  Von  Raumer§  made  a  series  of  observations 
upon  the  germination  of  the  scarlet  runner  (flowering-bean,  Phaseolvs 
multiilorm.)  Germinating  it,  keeping  its  roots  in  pure  water  and 
its  leaves  in  the  darkness,  the  young  shoots  are  seen  to  develop  with- 
out green  color,  but  perfect  in  form,  for  a  number  of  days,  when, 
suddenly,  there  appears  just  below  the  terminal  bud,  a  discoloration, 
and  the  stem  wilts,  withers  and  dies;  yet  the  cotyledorfs,  or  seed  lobes, 
are  still  unexhausted  of  their  supply  of  starch,  the  reserve  building 
material  from  which  the  wood  of  the  cell  walls  is  derived.  If,  how- 
ever, instead  of  placing  the  roots  in  pure  water,  they  be  inserted  in  a 
dilute  solution  of  any  lime  compound  (except  the  chlorid),  the  plants 
maintain  the  stem  development  until  the  starch  in  the  seed  is  com- 
pletely exhausted.  According  to  Boehm,  carbonate  of  magnesia, 
instead  of  being  able  to  replace  lime  for  this  purpose,  is  positively 
poisonous.  Von  Liebenberg||  has  extended  these  observations  with 
similar  result  to  the  seeds  of  a  number  of  plant  species. 

On  the  other  hand,  Deh^rain  and  Breal,**  observed  that  while 
lime  is  beneficial  to  normal  germination  and  indispensable  to  normal 
stem  development  at  the  ordinary  temperatures  of  germination  in  the 
soil,  the  seed  is  able,  at  slightly  elevated  temperatures  (86  degrees  to 
95  degrees  Fahr.),  to  continue  a  healthy  stem  development  until  the 
starch  in  the  seed  has  been  exhausted,  without  the  presence  of  any 
lime  except  the  small  amounts  already  present  in  the  seed.    Storerff 

*Deh6rain.  Chlmle  agrlcole,  158-9. 
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notes,  further,  the  fact  that  cellulose  formation  is  carried  on  in  cer- 
tain fungi,  such  as  beer-yeast,  in  the  entire  absence  of  lime,  the  fact 
having  been  established  by  the  researches  of  A.  Mayer  and  Cohn; 
Storer,  therefore,  suggests  that  lime  is  indispensable  for  the  proper 
formation  of  leaves,  rather  than  for  that  of  cellulose  in  general.  Heln- 
rich,*  however,  inclines  to  the  opinion  of  Boehm,  and  notes  the  almost 
invariable  incrustation  of  the  cell  membranes  with  lime  compounds, 
an  incrustation  which  becomes  thicker  as  the  cell  grows  older,  especi- 
ally in  the  case  of  woody  cells.  Loewf  and  BokornyJ  regard  it  as 
playing  an  important  part  in  the  chlorophyll  granules  and  of  the 
nuclei,  or  reproduction  centers,  parts  of  the  highest  importance  in 
the  life  of  the  plant. 

EFFECT  UPON  FORM  OF  PLANTS. 

B.  Heinrich§  notes  that  lime  has  a  marked  influence  upon  the 
external  forms  of  vegetation;  when  lime  is  abundant  in  the  soil,  the 
internodes  between  the  leaf  axils  are  shorter  and  thicker,  and  the 
plants  set  more  abundant  and  vigorous  stalk  organs  and  tend  to 
heavier  fruiting,  whereas  upon  soils  deficient  in  lime,  plants  shoot 
up  in  slim  stalks  and,  though  often  blooming  abundantly,  set  fruit 
deficiently. 

E.  W.  Hilgard,||  speaking  of  the  character  of  the  growths  of  the 
several  species  of  oaks  ("post,''  "black  jack,"  "scarlet"  and  "white") 
upon  strong  and  upon  light  soils  in  Mississippi,  notes  that  upon  the 
former  soils,  the  growths  are  sturdy,  thick-set,  with  short,  stout 
branches  and  dense  tops;  while  on  the  poorer  soils  the  growths  are 
more  slender,  often  very  crooked  and  knotty,  with  slender  branches 
and  open  or  tattered  top. 

CALCIPHILE  AND  CALCIFUGE  PLANTS. 

It  has  been  noted  that  certain  plants,  such  as  the  sugar  beet  and 
coinmon  red  clover,  flourish  particlarly  well  in  soil  containing  abund- 
ance of  lime;  hence,  such  plants  are  called  "calciphile,"  or  lime- 
loving.  Others,  such  as  the  sorrel  {Rumex  .  acetoselld)^  sea  pine, 
chestnut  and  lupin,  either  grow  with  less  luxuriance  upon  lime  soils 
than  upon  soils  deficient  in  this  ingredient,  or  are  injured  or  abso- 
lutely destroyed  by  liming.  Such  plants  are  called  "calcifuge,"  or 
lime-avoiding.  The  growth  of  such  plants  as  indicative  of  the  nature 
of  the  soil  and  in  its  relation  to  the  agricultural  application  of  lime 
will  be  considered  in  another  connection.  It  is  of  interest  here  to 
note  that  the  calcifuge  plants  are  not  devoid  of  lime,  but  often  con- 
tain large  amounts  of  it.    Thus,  the  ash  analyses  of  the  sugar  beet, 

•Mergel  u.   Mergeln,   1896,   4. 
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compiled  by  Wolff,  show  in  the  ash  of  the  root  6  per  cent.,  and  of  the 
top  20  per  cent,  of  lime,  while  those  of  the  lupin  show  in  the  seed  ash 
7.5  per  cent,  and  in  that  of  the  straw  about  23  per  cent.;  that  is,  the 
proportion  of  lime  in  the  ash  of  the  calcifuge  plant  was  actually  the 
larger.  If,  in  like  manner,  a  comparison  be  made  between  the  ashefl 
of  the  chestnut  and  of  the  white  oak,  the  latter  growing  especially 
well  upon  calcareous  soils,  it  is  found  that  the  ashes  of  the  chestnut 
contain,  the  bark  47  per  cent.,  the  wood  49  per  cent,  of  lime,  and  those 
of  the  white  oak,  the  bark  52.73  per  cent.,  and  the  wood  29.85  per  cent, 
of  lime.* 

Fliche  and  Grandeauf  have  made  an  interesting  study  of  the  com- 
position of  the  sea  pine.  This  tree  prospers  only  on  soils  quite  poor 
in  lime.  Analyses  were  made  of  twigs  (1)  taken  from  a  tree  growing 
on  a  soil  containing  .05  per  cent,  of  lime  in  the  surface,  and  0.20  per 
cent,  in  the  sub-soil;  (2)  from  a  tree  growing  in  a  soil  containing  in 
the  surface  3.25  per  cent.,  and  in  the  sub-soil  24.04  per  cent.;  (3)  for 
comparison,  the  composition  of  the  ash  of  the  Austrian  black  pine, 
growing  well  on  lime  soil,  was  determined;  the  percentages  of  lime 
were  (1)  40.2,  (2)  56.1,  (3)  49.1;  that  is,  the  ash  of  the  calcifuge  plant 
contained  about  as  much  lime  as  the  calciphile  when  both  grew  upon 
soils  best  adapted  to  their  normal  development.  When  the  sea  pine 
was  grown  upon  a  calcareous  soil,  its  content  of  lime  was  abnormally 
increased,  and,  curiously,  the  percentage  of  potash  was  reduced  two- 
thirds;  the  loss  of  vigor  is  probably  due  to  the  deficiency  of  potash. 
BernardjJ  in  his  studies  upon  the  vine,  which,  especially  the  native 
vines  of  France,  is  subject  to  a  very  destructive  disfease  manifest 
through  the  leaves  and  termed  "chlorosis,"  states  that  it  is  caused  by 
excess  of  lime  in  the  soils.  When  the  grape  leaves  are  examined,  they 
appear  to  contain  numerous  crystals  of  calcium  oxalate,  and,  like 
other  calcifuge  plants,  show  a  similar  tendency  to  throw  out  of  cir- 
culation the  excess  of  lime  in  their  tissues.  The  juices  of  chlorotie 
grapes  also  appear  less  acid  than  normal  and  lometimes  even  clearly 
alkaline.  When  the  chlorosis  is  cured,  the  crystals  of  calcium  oxalate 
disappear. 


V.     LIME  IN  SOILS. 


COMPOUNDS  OF  LIME  PRESENT. 

In  earlier  paragraphs  treating  of  the  formation   of  limestones, 
the  fact  was  noted  that  lime  is  one  of  the  rock  substances  more  easily 


•Cf.  Handbook  of  Bzp.  SUtlon  Work,  18M,  p.  411. 
tAxm.  chlm.  pbys..   (4).  28,  tSS. 
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taken  into  solution  when  rocks  weather  or  decay.  It  forms  somewhat 
readily  soluble  compounds  with  chlorin,  nitric,  sulfuric,  carbonic  acid 
and  with  certain  organic  acids;  less  soluble  with  other  organic  acids, 
phosphoric  acid  and,  in  certain  hydrous  double  compounds,  with 
silica  and  alumina,  while  its  anhydrous  compounds  with  silica  are 
the  most  insoluble  combinations  into  which  it  enters. 

Considering  the  great  variety  of  mineral  substances  from  whose 
weathering  and  pulverization  soils  have  been  formed,  with  the  modi- 
fying influences  of  the  varying  nature  of  the  surface  of  the  country 
and  the  varying  extent  to  which  living  organisms  have  been  active 
in  the  soil  formation,  it  is  not  surprising  that  soils  should  exhibit  a 
very  wide  difference  in  their  content  of  lime. 

PROPORTION  IN  VARIOUS  SOILS. 

The  following  list  of  soils,  with  the  proportion  that  they  contain 
of  lime  soluble  in  hydrochloric  acid,  serves  to  exhibit  the  great  dif- 
ferences: 

TABLE  IV— Percentage  of  Lime  in  Various  Soils. 


Kind  of  Soil. 


LJm«. 
Percent. 


1. 
2. 
8. 
4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 

18. 

14. 
15. 
16^ 
17. 

18. 

19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 


Prairie  boII  from  North  Dakota,   .' 

Vlr^n  aoll  from  Walla  Walla;  fertile,  sandy,  from  baialtic  rock 

Muck,  from  Union  Pier.  Mich 

Heavy  prairie  swamp,  with  clay  subsoil;  yields  large  crops  of  hay,  fair  wheat. 

poor  com 

Subsoil  corresponding  to  No.  4,  

Drift  soil,  with  clay  subsoil,  Oswego,  N.  Y 

Alluvial  bottom  soil,  Louisiana 

Barren,  pine-hill  land,  Louisiana,  

Sajidy  soil.  Rio  Grande,  N.  J 

Soils  from  Kansas  and  Nebraska,  prairie,  

Sugar-cane   bcII,  Demerara.    cropped   15   years 

Sugar-cane  soil,  Jamaica,   

(Surface 
15  In.  deep, . 
86  in.  deep, . 

Fertile  wheat  soil,   Mid  Lothian.  Scotland,   

Sterile   soil,    Upper    Palatinate.    Bavaila 

Ten  sandy  soils,  from  Alabama.  Florida  and  Georgia 

Ten  clay  soiln  from  Alabama,  Qeorgia,  South  Carolina,  Mississippi,  Tennessee 

and  Louisiana 

Average  of  466  non-caloareoua  soils  of  humid  region  of  the  U.  S.   (S.  C,  N.  C. 

Ark.,  Ky.  and  Gulf  States) 

Average  of  813  soils  of  arid  region  of  the  U.  8.  (Cal.,  Wash.,  Montana) 

Alkali  soils  of  California,  Washington  and  Montana 

Black  tschernosem.   Poltava.  RuB»la  (wheat  soil) 

Volcanic  soil,  gray.  Sumatra  (tobacco  soil) 

Granitic  soil.  Granville.  N.  C.  (yellow  tobacco  soil) 

Limestone  soil.  Donegal,  Pa 

Limestone  soil.  Rocky  Spring,   Pa.,  surface 

Limestone  soil,   Rocky  Spring,  Pa.,  subsoil,    


.8S  to  8.90 

1.84  to  8.10 

.97 

1.89 

LS8 

.86  to  1.87 

.41  to  s.oe 

.09 

.285  to    .605 

.45  to    .78 

.08 

.99 

4.09 

6.10 

2.48 

1.28 

.10 

.046  to    .141 

.088  to  8.064 

.11 

1.88 

.08   to  4.50 

1.21 

.77 

.07 

.61 

.41 


Note.— These  analyses  are  quoted  from  the  following  sources:  Nos.  1-8,  Richards,  Bulletin 
No.  9,  (Themlcal  Division,  U.  8.  Dept.  of  Agriculture:  Nc«.  9-12,  Richardson.  Special  Report  on 
the  Investigation  of  Sorghum,  1S"2  (U.  S.  Dept.  Agr.),  pp.  58-64;  Noa.  10-16,  Johnson,  How  Crops 
Feed,  pp.  363  and  366;  Nos.  16-17,  Hllgard.  quoted  by  King,  The  Soil,  pp.  84-87;  No«.  18-20,  Hllgard, 
Bull.  8.  U.  S.  Weather  Bureau;  Nos.  21-26,  Freer,  Rep.  Pa.  Ag.  Exp.  Station,  1894. 

It  is  clear  from  these  analyses  that  fertile  soils  usually  contain 
0.2  per  cent,  or  upward  of  lime  and  that  soils  containing  as  little  as 
0.1  per  cent,  are  usually  marked  for  their  barrenness.    The  texture 
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of  the  soil,  siuce  it  affects  the  ease  of  extension  of  the  plant  roots, 
has  some  determining  power  over  production;  a  loamy  soil,  through 
which  roots  readily  distribute  may  be  fairly  productive  with  a  low 
lime  content  that  would  cause  sterility  in  a  compact  clay.  On  the 
other  hand,  since  rain  passes  more  readily  by  percolation  through  the 
former  soil,  it  is  more  easily  reduced  by  drainage  to  the  lower  limit 
of  productiveness  where  the  location  of  the  soil  favors  leaching; 
sands  are  usually  much  less  rich  in  lime  than  clays  are. 

The  above  illustrations  do  not  exhibit  the  greatest  extremes  of 
lime  percentage  in  soils;  sea  dunes  often  show  a  lower  percentage, 
while  coral  sands,  chalky  and  marly  soils  exhibit  much  higher  ones; 
the  writer  has  analyzed  a  soil  from  Juniata  county,  in  this  State,  that 
contained  upwards  of  90  per  cent,  of  calcium  carbonate. 

LIMESTONE   SOILS   NOT   ALWAYS  RICH   IN   LIME. 

It  is  a  common  inference  that  soils  derived  from  limestone  forma- 
tions are  necessarily  rich  in  lime;  but  this  is  very  often  not  the 
case,  owing  to  the  relative  ease  with  which  calcium  carbonate  dis- 
solves in  the  carbonated  waters  of  the  air.  Merrill*  remarks  that 
thousands  of  feet  of  such  strata  may  disappear  without  leaving  more 
than  a  very  thin  coating  of  soil  in  their  place.  Penrose,!  from  the 
examination  of  an  impure  limestone  and  its  residual  clay,  found  that 
the  latter  represented  only  2.365  per  cent,  of  the  former  and  that, 
of  the  lime,  98.93  per  cent,  was  lost,  the  rock  containing  44.79  per 
cent.,  the  clay  3.91  per  cent.  BernardJ  cites  two  soils  which  their 
owners  thought  to  be  rich  in  lime  because  derived  from  limestone 
rocks,  viz:  From  the  Forest  marble  strata,  92.00  per  cent,  calcium  car- 
bonate, soil,  3.28  per  cent.;  Cornbrash  strata,  rock,  91.30  per  cent.,  soil 
0.40  per  cent.  Possibly  the  most  striking  illustration  of  this  sort  is 
that  given  by  Spencer,§  who  finds  in  a  sandy  soil  on  the  slopes  of  the 
Alleghenies  0.14  per  cent,  of  lime,  whereas  the  parent  limestone  con- 
tains over  30  per  cent. 

LIME  IN  COARSE  AND  FINE  PARTS  OF  SOIL. 

Some  facts  concerning  the  condition  of  the  lime  in  different  soils 
may  be  noted.  Bernard,||  from  the  examination  of  over  one  hundred 
soils  of  Jurassic  origin  from  the  district  of  Saone-et-Loire,  France, 
finds  equal  percentages  of  lime  in  the  several  portions  as  to  fineness, 
into  which  each  soil  was  divided  by  sifting.  In  these  soils,  the  lime 
is  supposed  to  have  been  deposited  with  organic  remains.  But  in 
certain  soils  from  Cretaceous  formations  the  percentage  of  lime  is 

•Rocki,  etc.,  pp.  2S1-2. 

tAnnual  Report  Oeol.  Survey.  Arkansas,  1S90,  p.  171. 

tLe  Calcalre,  pp.  120-UO. 
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much  larger  in  the  finer  than  in  the  coarser  portions  of  the  soil;  Ber- 
nard believes  this  difiFerenee  is  due  to  a  chemical  precipitation  of  the 
lime  in  the  latter  soils. 

LIME  IN  SURFACE  AND  SUBSOILS. 

Despite  the  influence  of  cropping  and  leaching,  the  surface  soil 
usually  contains  more  lime  than  the  corresponding  sub-soil.  King,* 
taking  the  averages  of  a  number  of  analyses  of  sand  and  clay  soils 
finds  in  the  sand :  Surface,  .115  per  cent. ;  sub-soil,  0.096  per  cent. ;  clay, 
surface,  1.761  per  cent. ;  sub-soil,  1.481  per  cent.  This  is  doubtless  due 
to  the  abundance  of  lime  dissolved  in  the  soil  water  and  brought  by 
the  wick-like  action  of  the  soil  to  the  surface,  where  it  is  left  upon 
the  evaporation  of  the  moisture.  The  efl'ect  of  such  upward  trans- 
location is  distinctly  seen  in  comparing  the  soils  of  the  humid  and 
the  arid  regions,  the  upward  movement  of  soluble  matters  being  un- 
compensated in  the  latter  climate  by  the  leaching  effect  of  rains. 
To  the  resulting  abundance  of  lime  in  these  soils,  upland  and  lowland, 
Hilgard  attributes  their  high  and  very  uniform  productiveness  when 
they  are  irrigated. 

SOLUBILITY  OF  LIME. 

The  condition  of  ready  solubility  of  lime  in  the  soil  is  indicated 
by  the  fact  that  on  examination  of  the  results  of  aqueous  extraction 
of  seventeen  soils  discussed  by  Johnson,t  lime  was  found  to  make 
up  from  6  to  25  per  cent,  of  the  solid  extract,  being  the  most  abund- 
antly extracted  base,  constituting  20  per  cent,  or  more  of  the  solid 
extract  in  seven  out  of  the  seventeen  cases.  This  is  further  shown 
by  the  analyses  of  drainage  waters  by  WayJ  and  of  lysimeter  waters 
by  Zoller,§  the  extracts  in  the  former  containing  10  to  25  per  cent, 
of  lime,  and  those  of  the  latter  22  to  32  per  cent.  Magnesia  was 
much  less  abundantly  dissolved,  and,  usually,  potash  was  more 
abundant  when  the  percentage  of  lime  was  high.  Moreover,  Ul- 
bricht,||  in  examining  the  solubility  of  the  several  constituents  of 
various  soils  upon  repeated  extraction  with  water,  has  shown  that 
lime,  more  than  any  other  constituent,  maintains  its  readiness  of 
solution. 

The  lime  which  is  removed  from  the  soil  by  water  is  chiefly  in 
combination  as  the  carbonate,  sulfate,  nitrate,  chlorid  or  phosphate. 
Very  dilute  acids  remove  it  in  scarcely  greater  quantities  than  are 
represented  by  its  compounds,  in  the  soil,  with  the  above-named 
acids.  Much  larger  quantities  are  extractible  by  the  use  of  mod- 
erately strong  acids;  in  such  cases,  considerable  quantities  of  soluble 

•The  Soil,  p.  85. 

tHow  Crops  Feed.  pp.  810-S12. 
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silica  and  alumina  are  also  liberated.  It  is  inferred  that  the  lime 
was  present  in  combination  with  the  silica  and  alumina,  probably  in 
the  hydrous  silicates  known  to  mineraloj?ists  as  the  zeolites,  which 
are  readily  decomposed  by  moderately  strong  acids  with  the  produc- 
tion of  soluble  silica.  Thus,  Hilgard*  notes  that  in  the  prairie  soils 
of  Alabama,  Mississippi  and  Texas,  a  large  percentage  of  lime  is 
accompanied  by  high  percentages  of  soluble  silica  and  alumina. 
In  some  cases  1  or  even  2  per  cent,  of  lime  is  present,  and  in  the 
mulatto  clay  lands  of  Tennessee,  6.5  to  8.4  per  cent.,  and  scarcely  a 
trace  of  carbonic  acid  is  found;  in  these  cases,  the  lime  is  probably 
present  as  a  zeolitic  silicate. 

RELATION  TO  ORGANIC  MATTER. 

The  relation  of  the  lime  in  soils  to  the  organic  matter  is  one  of  ex- 
treme variability.  In  the  soils  analyzed  by  Richards  (see  preceding 
table),  the  proportion  of  lime  to  organic  matter  varied  from  1:1.5 
in  a  light,  fertile  basaltic  soil  from  the  State  of  Washington,  to  1:37 
in  a  cultivated  peat  from  Berrien  county,  Mich.  Infertility  not  in- 
frequently occurs  where  the  ratio  of  organic  matter  is  20  or  higher. 
Tackef  bases  his  classification  of  moor  soils  upon  their  lime  content, 
the  characters  and  treatments  corresponding.  His  classes  are:  (1) 
upland  moor,  0.5  per  cent,  lime;  (2)  intermediate  moor,  0.5  to  2.5  per 
cent,  lime;  (3)  lower,  or  meadow,  moor,  over  2.5  per  cent.  lime.  It 
is  notable  that  despite  the  facts  that  the  acids  of  the  humus,  such  as 
the  humic,  ulmic,  apocrenic  and  crenic,  have  the  power  to  decom- 
pose calcium  carbonate  with  the  formation  of  calcium  humates, 
ulmates,  apocrenates  and  crenates,  and  that  the  first  three  of  these 
classes  of  compounds  are  very  difficultly  soluble  in  water,  the  tend- 
ency of  upland  soils  rich  in  organic  matter  is  to  be  deficient  in  lime, 
while  those  of  the  lowlands  are  better  and  often  richly  supplied. 

VEGETATION  TYPICAL  OF  NATURE  OF  SOIL. 

As  was  noted  in  an  earlier  paragraph,  the  character  of  the  soil, 
and  especially  its  richness  in  lime,  is  often  indicated  by  the  nature 
of  the  vegetation  growing  upon  it  when  in  its  virgin  state.  Thus, 
HilgardI  notes  that  on  the  long-leaf  pine  bottom  and  hummock  lands 
of  Mississippi,  with  0.05  to  0.4  per  cent,  of  lime,  where  water  stands 
in  the  undrained  sub-soil,  the  ink  or  gall-berry,  wax-myrtle  and 
similar  plants  prevail,  but  disappear  as  the  calcareous  regions  on 
each  side  are  approached. 

Heinrich§  states  that  lime  is  certainly  not  lacking  when  the  hedge- 
vetch,  birds'-tare,  chickling-vetch  and  red  or  other  clovers  form  the 
natural  vegetation,  or  when  the  oak,  birch  and  locust  flourish  nearby, 
but  that  a  deficiency  of  lime  is  to  be  suspected  when  there  is  a  large 
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quantity  of  sorrel  (Humex  acetoaella)  or  ChryswritKemuTn  segatum^ 
though  no  importance  is  to  be  attached  to  the  presence  of  single  in- 
dividuals of  these  species  for  the  reason  that  sorrel  has  been  observed 
growing  in  marl  pits,  and  in  culture  pots  whose  soil  contained  as 
much  as  1  per  cent,  of  lime.  This  author  states  that  but  few  plants 
are  really  injuriously  affected  by  lime  and  says  that  Uffelmann's  sup- 
position* that  hearts-ease,  quick-grass  and  chamomile  disappear  after 
a  liming,  is  not  credible. 

A.  Bernardf  mentions  the  sand  or  maritime  pine,  the  chlorotic 
varieties  of  the  grape,  the  broom,  digitalis  and  the  chestnut  as  plants 
preferring  non-calcareous  soil.  Speaking  of  the  latter  in  particular, 
he  urges  that  where  the  chestnut  flourishes,  the  soil  will  be  found  poor 
in  lime,  even  though  the  geological  formation  from  which  it  is  de- 
rived ordinarily  yields  a  calcareous  soil.  Thus,  examining  the  soil 
about  the  roots  of  a  chestnut  growing  in  a  calcareous  woodland 
of  Ard^che,  France,  he  found  from  traces  up  to  only  0.6  per  cent,  of 
lime. 

The  laurel  and  the  winter-green  may  also  be  mentioned  as  plants 
preferring  non-calcareous  soils. 

Wheeler,  Hartwell  and  TuckerJ  mention,  as  characteristic  of  the 
vegetation  of  certain  acid  upland  soils  of  Rhode  Island,  birds-foot 
violet  (  Viola  pedata^  L.),  wild  or  beard  grass  (Andropogon  scoparius^ 
Mx.),  species  of  St.  John's  wort  {Hyperieurn)^  common  or  soft  rush 
{Juncus  effiimis^  L.),  wood  rush  (Luzula  campestris^  D.  C),  and  several 
mosses;  while  common  sorael  {Riimex  acetoseUa^  L.),  appears  as  soon 
as  cultivation  is  begun. 

BFFBCTIVB  AMOUNT  OF  LIME  IN  SOIL. 

The  quantities  of  acid-soluble  lime  in  the  soil  that  are  requisite 
to  bring  about  the  above  noted  differences  in  the  kind  and  manner 
of  growth  of  plants  must  vary  both  with  the  texture  of  the  soil,  as 
noted  earlier,  and  with  the  quantities  of  acid-forming  mineral  and 
organic  substances  that  are  present.  It  is  not,  therefore,  surprising 
that  various  investigators  differ  in  opinions  derived  from  observations 
upon  different  sets  of  soils.  Thus  Lloyd,§  states  that,  with  rare 
exceptions,  soils  containing  2  per  cent,  of  lime  will  not  require  liming; 
that  soils  containing  0.5  to  2  per  cent,  are  usually  benefitted  by 
liming,  and  that  it  is  indispensable  to  the  profitable  farming  of  soils 
containing  less  than  0.5  per  cent,  of  lime. 

Hilgardll  says  that  to  manifest  itself  unequivocally  in  the  tree 
growth,  lime  should  not  fall  much  below  0.1  per  cent,  in  the  lightest 
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Bundj  soil,  0.25  in  claj  loams,  or  0.5  in  heavy  clays,  and  may  advant- 
ageously rise  to  1  or  even  2  per  cent.;  beyond  this,  it  does  not  affect 
the  soil  favorably  except  in  its  physical  characters.  This  writer*  has 
observed  that  on  sandy  lands  containing  0.04  to  0.13  per  cent,  of  lime, 
having  a  depth  of  eight  inches  of  surface  soil,  the  long-leaf  pine  which 
grows  naturally  upon  it  is,  upon  the  application  of  lime,  supplanted 
by  a  growth  of  oaks. 

R.  Heinrichf  claims  that  a  good^oil  should  contain  at  least  0.2  to 
0.3  per  cent,  of  lime  and  that  liming  is  certainly  required  when  the 
proportion  falls  to  0.1  per  cent.,  and,  in  case  of  a  heavy  soil,  it  i« 
needful  before  the  amount  has  been  reduced  to  0.1  per  cent.;  when 
0.15  per  cent,  is  present,  liming  does  not  lead  to  an  increased  growth 
of  rye,  oats  or  potatoes,  and  when  0.3  per  cent,  is  present,  liming  or 
marling  is  without  beneficial  result.  The  same  investigator,  in  an 
earlier  portion  of  his  memoir,  relates  the  result  of  experiments  in  the 
culture  of  various  plants  in  soils  to  which  different  proportions  of 
lime  have  been  added;  he  concludes  that: 

Llm*  (CaO)  In  aoU. 
(Per  cant.) 

Lupine  grow  well  with, 0.03  to  0.05 

Potatoes  and  rye  yield  good  crops,  under  good  tillage, 

with  as  little  as, 0.05 

Peas  and  vetches  die  with  less  than, 0.10 

but  do  quite  well  with  this  proportion. 
Red  clover  grows  quite  well  with, 0.1   to  0.12 

but  dies  with  less  than  0.1  per  cent,  and  does  best 
with  0.2  or  more. 

LOSS  OF  LIME  BY  CROPPING. 

A  number  of  calculations  have  been  made  to  show  the  outgo  of  lime 
in  farm  products.  Thus  King,J  assuming  a  three-course  rotation  of 
corn,  clover  and  oats  to  be  followed  for  one  hundred  years,  each  with 
a  total  product  of  two  tons  per  acre  per  annum,  the  hay  and  straw 
being  returned  to  the  soil,  but  the  grain,  or  its  equivalent  being  sold, 
finds  that  the  hay  and  straw  would  contain  3,102  lbs.  of  lime,  and  the 
grain  only  86  lbs.,  so  that  with  an  average  of  1.88  tons  of  lime  in 
the  surface  foot  of  soil,  this  alone  would  supply  the  needed  lime  for 
over  4,000  years,  were  there  no  other  loss,  without  the  aid  of  tho 
lime  present  in  the  subsoil,  which  is  more  or  less  drawn  upon  by  the 
roots  of  the  crops. 

Or,  assuming  a  four-course  rotation  of  corn,  oats,  wheat  and  mixed 
clover  and  timothy,  producing  average  crops  of  the  quantities  men- 
tioned in  an  earlier  table  (pages  54-55),  assuming  that  all  the 
wheat,  half  the  oats,  one-third  of  the  corn  and  one-fourth  of  the 
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hay  were  sold,  the  remainder  of  the  crops  being  fed  upon  the  farm; 
that  one  cow  were  kept  for  each  two  acres  under  cultivation,  yielding 
7,000  lbs.  of  milk  sold  off  the  farm  each  year  and  that  for  each  cow 
there  were  bought  750  lbs.  of  cotton-seed  meal  and  1,500  lbs.  of  bran 
each  year^  the  outgo  would  be,  for  each  acre: 

Lime  (Lbs.) 

In  wheat  (6^  bushels), 0.22 

In  oats  (6i  bushels), 0.20 

In  corn  (4  1-6  bushels), 0.07 

In  hay  (220  lbs.), 2.98 

In  milk  (3,500  lbs.,  at  2  lbs.  of  lime  per  1,000  lbs. 
milk),  7.00 

10.47 

The  income  would  be: 

In  375  lbs.  cotton-seed  meal, ■      0.68 

In  750  lbs.  wheat  bran, 1.27 

1.95 

Net  annual  outgo  by  cropping, 8.52 


LIME  ADDED  IN  FERTILIZERS. 

On  the  other  hand,  the  manurial  substances  brought  upon  the  farm 
for  the  purpose  of  supplying  nitrogen,  phosphoric  acid,  potash  and 
other  substances,  commonly  contain  also  considerable  quantities  of 
lime. 

Thus,  in  a  ton  of  the  following  substances  lime  is  contained  in  the 
quantities  and  states  of  combination  indicated: 

TABLE  V— Amounts  of  Lime  In  Various  FertlUzers. 


Substance. 


Lime  compound. 


Caustic  lime  and  carbonate, 
Carbonate  and  phot-phate.  .. 
Carbonate  and  phospbate,  .. 

Phosphate 

Phosphate. 


AsbM  aime  Uln).  

Ashes,  wood,  leached,  

Ashes,  wood,  unleached,  

Bone  ash 

Bone  meal 

Cottonseed  hull  ashes Carbonate  and  phosphate, 

Gas  lime,  Carbonate  and  sulfate,   ... 

Kalnit ,  Chlorld  and  sulfate 

Chlorld  and  sulfate 

Carbonate  and  phosphate^ 

Sulfate  and  carbonate,  

Sulfate  and  carbonate 

Phosphate  and  carbonate. 
Phosphate  and  sulfate,  .... 
Carbonate  and  phosphate. 

Nitrate,  malate.  etc 

Nitrate,  malate,  etc.,  

Phosphate  and  oxid 


Kleserit, 

Marls 

Land  plaster,  Cayuga 

Land  plaster.  Nova  Scotia,  

South  Carolina  rock,  grround 

South   Caiolina   rock,    dissolved. 

Tannery  ashes 

Tobacco  stalks 

Tobacco  stems 

Thomas  slac  phosphate,   


Pounds 

of 
lime. 


970 
6M 
6S0 
900 
540 
190 
SSO 
21 
M 
0-900 
800-8SO 
820 
S40 
420(aboat) 
680 
44 
84 
970 


With  every  pound  of  phosphoric  acid  applied  in  the  ordinary  formB 
of  commercial  fertilizer,  the  presence  of  at  least  1^  lbs.  of  lime  is  as- 
Bored.  ^  J 
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From  these  facts  it  is  clear  that  in  an  application  of  200  lbs.  of  dis« 
solved  South  Carolina  rock,  fully  40  lbs.  of  lime  is  added  to  the  soil, 
an  amount  several  times  greater  than  that  removed  in  a  single  year 
by  the  crops  sold  off  from  the  acre. 


VI.    INFLUENCES  OF  LIMING  UPON  SOILS  AND  THE  VALUE 
OF  MAGNESIAN  LIMES. 


Having  noted  the  quantities  and  conditions  in  which  lime  occnrs 
naturally  in  the  soil,  and  the  ways  in  which  it  is  lost  or  increased  by 
the  processes  of  cropping  and  chemical  manuring,  it  remains  to  con- 
sider the  changes  wrought  in  the  soil  by  the  application  of  lime. 

CLASSES  OF  EFFECTS  OF  LIMING. 

Numerous  observations  and  investigations  have  shown  that  the 
direct  and  indirect  results  of  liming  are  quite  numerous  and  complex, 
instead  of  being  few  and  simple.  The  various  results  may,  however, 
be  grouped  as  those  which  affect: 

A.  The  mechanical  condition  of  the  soil ; 

B.  Its  chemical  composition  particularly  as  regards 

1.  The  kind  and  proportion  of  available  plant  food  it  contains. 

2.  The  presence  of  substances. injurious  to  plant  life. 

0.  The  biological  characters  of  the  soil ;  i.  e.,  the  nature  and  vigor 
of  the  organisms  living  in  it  and  of  the  plants  growing  upon  it. 

These  different  effects  of  liming  will  be  discussed  in  the  following 
paragraphs,  free  use  being  made  of  the  numerous  observations  and 
experiments  made  elsewhere  upon  the  subject;  but  the  effects  of  lime 
upon  a  number  of  Pennsylvania  soils  that  have  shown  in  practice 
very  marked  benefits  from  liming,  will  be  presented  so  far  as  they 
are  indicated  by  the  results  of  careful  laboratory  investigations  made 
by  the  writer,  with  the  aid  of  his  assistants  in  the  Chemical  Labora- 
tory of  The  Pennsylvania  State  College  Experiment  Station. 

SUPPOSED  INJURIOUS  EFFECTS  FROM  MAGNESIAN  LIMES. 

It  was  thought  desirable  to  study,  at  the  same  time,  the  effect  of 
caustic  magnesia  upon  these  soils,  for  the  reasons  that  a  very  large 
proportion  of  Pennsylvania  limes  are  magnesian  and  that  the  general 
opinion  of  agricultural  writers  has  been  that  highly  magnesian  limes 
may  not  only  be  of  little  use,  but  may  even  prove  positively  JwijurkMis 
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to  the  crops.  Thus,  Lloyd*  states  that  lime  is  the  only  material  of 
value  in  burnt  lime  and  applies  the  adjective  **bad"  to  a  lime  contain- 
ing 60  per  cent,  of  lime  and  30  per  cent,  of  magnesia.  Lowf  says 
of  the  magnesian  limestone  of  England:  **lf  applied,  after  being  cal- 
cined, in  the  same  quantity  as  other  limes,  it  produces  a  temporary 
sterility,  burning,  as  it  were,  the  soil;  hence,  it  is  termed  hot  lime 
and  is  applied  in  much  smaller  quantity  than  other  kinds  of  lime." 
This  action  he  attributes,  after  Sir  Humphrey  Davy,  to  the  longer 
period  of  causticity  commonly  supposed  to  occur  with  magnesia.  In 
the  form  of  carbonate,  he  says,  "magnesia  seems  to  exercise  a  highly 
favorable  action;  and  magnesian  limestone  may  perhaps  be  regarded 
as  the  most  valuable  of  any,  since  a  smaller  quantity  of  it  suffices 
for  the  ends  proposed.  Ko  other  limestone  is  so  eflQcient  in  the  case 
of  peaty  soils,  and  it  is  probable  that  the  superiority  observed  in  the 
case  of  the  limestone  of  the  coal  formation  over  that  of  the  pure  chalk 
is  due  to  the  presence  of  this  earth." 

Prof.  Geo.  H.  Cook,J  late  geologist  of  the  State  of  New  Jersey,  and 
Director  of  the  New  Jersey  Experiment  Stations,  says,  in  speaking  of 
limes:  '*It  is  doubtful  whether  magnesia  has  any  fertilizing  proper- 
ties, and  it  is  thought  by  many  that  it  is  a  loss  to  buy  and  handle 
magnesian  limes." 

P.  P.  Deh^rain,§  speaking  of  hydraulic  limes  in  general  rather  than 
of  magnesian  limes  simply,  says  they  will,  if  spread  upon  the  soil 
without  previous  complete  exposure  to  the  air,  form  a  hard  layer  upon 
the  soil  during  the  first  rain  and  become  injurious  rather  than  useful. 

J.  Boehm's||  observation  that  carbonate  of  magnesia  is  unable  to 
take  the  place  of  lime  in  promoting  healthy  germination  but  is,  in- 
stead, positively  poisonous,  has  already  been  noted. 

R.  Heinrich,**  having  observed  injury  resulting  from  the  effect  of 
calcium  carbonate  upon  the  growth  of  the  lupin,  states  that  mag- 
nesium carbonate  is  far  more  injurious,  the  presence  of  0.5  per  cent, 
being  sufficient  to  entirely  prevent  the  growth  of  the  plant.  The  same 
writerft  snys:  **It  is  sus])ected  that  applied  in  considerable  quantity, 
so  that,  especially,  the  magnesia  exceeds  the  amount  of  lime  in  the 
soil,  it  is  as  deadly  to  some  plants  as  lime  carbonate  is  to  lupins. 
Different  plants  show  different  sensitiveness  to  the  magnesia  content 
of  the  soil.  Most  doloniitic  rocks  contain  far  more  lime  than  mag- 
nesia; no  immediate  injury,  therefore,  results  from  their  use,  but 
because  lime  is  more  freely  dissolved  out  of  the  surface  soil  than 
magnesia  is,  the  injurious  effect  may  be  seen  later  when  the  magnesia 
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comes  to  be  in  excess.  The  injury  from  caustic  magnesia  is  clearly 
established,  but  further  investigation  is  needed  regarding  the  effect 
of  the  carbonate." 

The  subject  is  quite  fully  discussed  by  Storer,*  who  notes  that  It 
was  early  observed  by  English  chemists  that  certain  limestone^ 
which  had  sometimes  been  found  in  practice  to  injure  crops,  contained 
magnesia,  and  that  Tennant,  on  applying  calcined  magnesia  to  vari- 
ous soils  with  different  crops,  found  that  his  plants  either  died,  were 
unhealthy  or  vegetated  very  imperf^tly;  also,  that  Knop  found, 
in  growing  plants  by  water  culture  (i.  e.,  in  very  dilute  solutions  of 
plant  foods),  that  magnesium  salts  are  distinctly  harmful  unless  ac- 
companied by  abundance  of  lime,  potash  or  ammonia  salts;  by  them- 
selves, the  magnesium  salts  caused  peculiar  malformations  of  the 
plant  roots,  follow  ed  shortly  by  the  death  of  the  plants. 

Storer  notes,  on  the  other  hand,  that  Sir  Humphry  Davy  found  that 
the  very  magnesian  limestones  to  which  objection  was  made,  gave 
very  beneficial  results  on  certain  soils  and  that  magnesia,  though 
injurious  when  present  in  caustic  condition  in  considerable  quantity  in 
ordinary  soils,  may  be  beneficial  when  mixed  with  peat  or  when  pres- 
ent as  carbonate.  He  also  notes  Stoekhardt  found,  in  the  limestones 
producing  the  best  results  and  most  enduring  upon  the  lowlands  of 
Saxony,  as  much  as  40  per  cent,  of  magnesia.  The  suggestion  is 
made  that  the  readier  solubility  of  magnesium  carbonate  in  the 
carbonated  soil-water  may  give  magnesian  limes  real  superiority 
over  pure  limes  as  ameliorants  of  heavy  land. 

Viala  and  Ravazf  have  observed  that  dolomitic  soils  are  not  nearly 
as  injurious  in  the  production  of  chlorqsis  of  the  vine  as  are  more 
purely  calcareous  lands.  Bernard  suggests  that  this  is  due  to  the 
somewhat  greater  resistance  to  decomposition  offered  by  magnesium 
carbonate. 

O.  KellnerJ  urges  that  magnesia  is  useful,  and  poisoning  of  the 
plant  by  it  is  the  result  simply  of  using  it  in  too  large  quantities. 

FUNCTIONS  OF  MAGNESIUM  IN  PLANTS. 

In  support  of  this  opinion  it  may  be  summarily  noted  in  this  connec- 
tion, as  established  by  numerous  experiments  by  the  methods  of 
water-culture  and  of  sand-culture,  that  magnesium  is  absolutely  in- 
dispensable to  the  growth  of  plants  to  full  maturity.  While  all  its 
functions  in  the  plant  are  not  known,  it  is  certainly  able  to  neutralize 
acids  as  lime  does,  though  it  does  not  form  crystallizable  compounds 
so  easily  thrown  out  of  circulation  as  calcium  carbonate  or  calcium 
oxalate.     Like  lime,  it  is  present  in  aleurone  grains  with  albuminoid 
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materials  and  forms  alkaline  phosphates  which  may  aid  in  the  move- 
ment of  albuminoids  from  one  part  of  the  plant  to  another.  Its 
most  clearly  established  function,  however,  is  its  necessary  connec- 
tion with  the  formation  of  chlorophyll,  the  green  coloring  matter 
through  whose  agency,  under  the  action  of  sunlight,  the  plant  is 
enabled  to  fix  the  carbonic  acid  of  the  air  io  its  leaves  in  the  form  of 
sugar,  starch  or  oil.  Von  Raumer*  found  that  in  the  scarlet  runner, 
when  deprived  of  magnesium,  the  uppermost  joints  soon  ceased  to 
lengthen,  became  exceptionally' thick  and  hard  and  showed  only 
the  faintest  green  tint,  the  color  being  almost  white.  Hoppe-Seylert 
found  in  the  pure  crystallized  chlorophyllan  obtained  from  grass, 
0.34  per  cent,  of  magnesia;  and  chlorophyllan  appears  to  be  closely 
related  to  the  ordinary  chlorophyll. 

USB    OF   MAGNESIUM    SULFATE   AS   A   FERTILIZER. 

A  second  fact  in  support  of  this  opinion  is  the  good  result  occa- 
sionally attending  the  use  as  a  fertilizer  of  magnesium  sulfate  (Epsom 
salts)  in  the  form  of  the  Stassfurt  salts,  kieserit  and  krugit. 


PKNNSYLVAXIA  EXPBBIMENTS. 

SOILS  EXPERIMENTED  UPON. 

The  soils  used  in  the  experiments  hereafter  described  were  carefully 
selected  to  represent  a  large  variety  of  the  soils  for  which  a  large  re- 
turn from  liming  was  claimed  by  various  correspondents.  The  source, 
nature,  response  to  liming  and  method  of  sampling  of  the  several  soils 
are  stated  below. 

I.  Ironstone  soil^  from  the  Spring-and-Mea<iow  Farm,  Washington 
Township,  York  County,  sampled  by  Mr.  L.  W.  Lighty,  East  Berlin, 
Adams  County,  Pa.  This  soil  formation  lies  between  strips  of  blue 
shale,  outside  of  which  are  found  red  shale  and  red  sandstone;  the 
ironstone  soil  is  about  thi-ee-fourths  of  a  mile  wide  and  extends  from 
the  Susquehanna  opposite  Marietta,  bearing  south  of  west,  passing 
south  of  Gettysburg.  The  soil  is  uneven  in  formation;  10  per  cent, 
of  it  is  a  whitish  clay  of  very  fine  texture,  runny  when  wet,  but  pow- 
dery, not  cloddy,  when  dry;  5  per  cent,  is  a  tough,  heavy,  cold  clay, 
mixed  with  a  small  proportion  of  coarse  sand;  this  soil  dries  very 
telowly  and  bakes  to  clods;  5  per  cent,  is  pure,  rather  coarse  sand 
mixed  with  flint  and  granite,  but  80  per  cent,  is  a  very  fine  sand,  mixed 
with  less  clay,  and  it  becomes  sticky  and  smeary  when  wet  and  dries 
slowly;  when  handled  properly  in  a  dry  condition,  it  works  very  nicely; 
washes  and  gullies  when  on  an  exposed  slope.  In  general,  the  soil  is 
a  fine,  grayish  yellow  sand.      It  is  very  deep,  sometimes  as  much  as 
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forty  feet.  Soil  taken  from  far  below  the  surface  and  spread  upon  the 
ground,  supports  at  once  a  very  rank,  vigorous  vegetation,  and  is 
rarely  bare,  weeds  and  briers  growing  rapidly  in  the  absence  of  crops. 
The  soil  bears  drought  very  well,  and  is  a  hard,  rough  soil,  but  re- 
sponds well  to  treatment.    All  crops  and  trees  grow  well  upon  it 

The  sample  was  taken  from  a  tract  of  four  acres,  having  a  surface 
soil  one  foot  deep,  with  a  sub-soil  similar,  but  sharper  and  full  of 
boulders.  The  tract  was  rolling  upland,  rather  damp,  had  been 
long  under  cultivation  in  a  rotation  of  corn,  wheat  and  clover;  its 
production  is  about  15  bushels  of  wheat  and  60  bushels  of  ear  corn; 
its  plow  depth  is  about  10  inches.  Liming  alone  is  not  so  noticeably 
useful  as  its  application  in  connection  with  clover  sod  or  manure. 
The  soil  is  naturally  well  supplied  with  humus  and  rarely  becomes 
deficient  therein.  When  lime  is  applied  to  this  soil,  20  to  50  bushels 
makes  no  easily  apparent  change  in  its  condition;  if  more  than  50 
bushels  be  added,  the  soil  becomes  mortar-like  and  hard  to  handle. 
After  liming,  the  retentiveness  for  moisture  appears  to  be  increased. 
The  particular  tract  sampled  had  not  been  limed  for  at  least  forty 
years,  and  was  in  corn-stubble  when  the  sample  was  taken;  Bub- 
samples  were  taken  of  the  surface  soil  at  twelve  different  points, 
carefully  mixed  by  shoveling  over  and  passed  through  a  one-half  inch 
screen;  3  per  cent.,  consisting  of  roots  and  small  stones,  failed  to 
pass  the  screen.  The  combined  samples  amounted  to  several  barrel- 
fuls. 

II.  Black  slate  soil^  from  Hopewell  Township,  Cumberland  County, 
Pa.,  about  five  miles  north  of  Shippensburg;  sampled  by  Hon.  S.  M. 
Wherry,  of  Shippensburg.  This  soil  is  light,  easily  tilled,  easily 
affected  by  drought,  but  yielding  well  in  wet  seasons;  liable  to  wash. 
The  soil  grows  hickory,  all  kinds  of  oaks,  some  pines,  fall-grass,  rag- 
weed and  all  forms  of  briars,  and  is  especially  good  for  wheat.  The 
surface  soil  is  about  twelve  inches  deep,  although  the  plow-depth 
is  commonly  only  six  to  eight  inches.  The  sub-soil  is  hard,  black 
slate  or  red  shale.  Lime  seems  more  beneficial  upon  this  than  upon 
most  soils  in  the  locality.  The  tract  of  ten  acres  from  which  the 
sample  was  taken  had  never  been  limed,  but  was  an  old  soil  under  a 
rotation  of  corn,  oats,  wheat  and  grass.  Sub-samples  were  taken 
from  eight  points  in  the  tract,  to  a  total  weight  of  1,000  to  1,200 
pounds;  after  careful  mixing  the  soil  was  screened  and  about  one-half 
of  the  entire  amount — composed  of  sod,  roots  and  large  pieces  of  slate 
— failed  to  pass  a  ha  If -inch  mesh  screen. 

III.  Red  shale  from  Lykens  Valley,  Dauphin  County,  Pa.,  sampled 
by  Mr.  John  Moyer,  Gratz,  Pa.  This  soil  is  a  dry,  sloping  upland, 
with  surface  soil  of  fourteen  to  twenty  inches,  and  a  plow-depth  of 
six  or  seven  inches,  and  with  a  red  gravel  sub-soil.  The  soil  tends 
to  bake  and  solidify  on  drying  so  as  to  greatly  injure  any  crop  growing 
upon  the  land.    The  golden  rod  and  plantain  are  the  most  conspi^l^ 
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ous  weeds,  and  wheat  grows  better  thau  gtber  crops,  but  the  soil  is 
not  naturally  strong;  the  fertility  after  the  use  of  lime,  with  manure, 
is  greatly  improved,  and  the  soil  is  kept  much  lighter  and  more 
porous.  The  twenty-acre  tract  from  which  the  sample  was  taken 
had  not  been  limed  for  at  least  twenty  years,  and,  before  that,  only 
infrequently  and  at  a  rate  of  not  more  than  fifty  bushels  per  acre. 
The  land  had  been  under  cultivation  for  a  long  time,  and  when 
sampled  was  in  corn ;  ten  sub-samples  were  taken  at  different  points 
to  a  total  amount  of  four  bushels;  these  were  well  mixed  and  put 
through  a  one-fourth  inch  screen;  stones  and  roots  to  the  amount  of 
one-fourth  of  the  original  soil  were  separated. 

IV.  Limestone  clay  from  the  eastern  slope  of  the  limestone  strata 
running  through  Morrison's  Cove,  in  South  Waverly  Township,  Bed- 
ford County,  one  mile  from  Loysburg  Gap;  sampled  by  Mr.  J.  S. 
Biddle,  of  Loysburg,  Pa.  The  soil  is  a  very  heavy  *iimestone"  clay, 
which  cannot  be  worked  wet  and  bakes  on  drying.  Rag-weed,  the 
wild  cherry  and  apple  and  clover  grow  vigorously  and  corn  does  very 
well.  The  soil  is  about  six  to  eight  inches  deep,  and  the  sub-soil  is 
heavy  clay  several  feet  deep.  Lime  loosens  it.  The  tract  of  two 
acres  from  which  the  sample  was  taken  was  dry,  sloping  upland  that 
had  been  under  cultivation  for  over  fifty  years  and  had  never  been 
limed;  sub-samples  were  taken  at  twelve  places  and  the  mixed  soil 
passed  through  a  one-quarter  inch  screen,  through  which  one-third 
of  the  weight  refused  to  pass,  composed  of  stone,  roots,  etc. 

F.  Glacial  loam  from  Scrubgrass  Township,  Venango  County, 
sampled  by  Mr.  Ed.  Anderson,  of  Big  Bend,  Pa.  This  soil  is  loose, 
with  a  gravelly  sub-soil,  containing  a  little  clay;  wet  weather  does 
not  injuriously  affect  it.  The  prevailing  forest  growth  is  chestnut, 
and  produces  about  fifteen  bushels  of  wheat  to  the  acre.  The  sample 
was  taken  from  an  upland  tract  of  twenty-five  acres,  part  upland 
level,  part  slope;  sub-samples  were  taken  at  six  points  to  a  total 
weight  of  1,000  pounds.  Of  this,  one-third,  composed  of  small  stone, 
grass  roots,  etc.,  failed  to  pass  a  one-quarter  inch  screen.  This  land 
had  been  in  wheat  four  years  before  and  in  grass  since  then;  the  soil 
was  old  and  had  never  been  limed. 

VI.  3Fuck  soil  from  the  "sand  barrens"  of  Centre  County,  a  narrow 
strip  one-half  to  several  miles  in  width,  extending  for  twenty-five  to 
thirty  miles  through  Nittany  Valley,  and  containing  many  small 
hollows,  more  or  less  filled  with  muck  and  sandy  wash.  The  sample 
was  taken  at  a  spot  about  two  and  one-half  miles  from  the  State 
College,  by  Mr.  W.  S.  Sweetser,  Assistant  Chemist  of  the  Experiment 
Station;  the  hollow  from  which  it  was  taken  was  150  to  200  square 
feet  in  area,  with  a  surface  of  muck  five  to  six  inches  deep,  and  with  a 
sub-soil  of  almost  pure  sand.  The  vegetation  upon  the  surrounding 
tract  was  of  pine,  chestnut  and  oak.  The  soil  was  virgin,  of  course, 
and  ten  samples,  amounting  to  about  a  barrel,  were  J|^z^gby®t5^)§Ic 
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one-tenth  only  was  too  coarse  to  pass  a  one-quarter  inch  mesh,  the 
coarse  material  being  composed  solely  of  sticks  and  roots. 

YIL  Limestone  day  soil  from  Nittany  Valley,  Centre  County,  on 
the  farm  of  Mr.  A.  Markle,  State  College,  Pa.,  representing  well  tho 
large  soil  areas  forming  the  floor  of  central  Pennsylvania  valleys,  the 
soil  being  formed  from  the  Lower  Silurian  rocks.  This  soil  often  re- 
sponds very  well  to  liming,  the  texture  being  made  more  porous, 
and  crop  yields  considerably  higher.  The  characteristic  tree  is  the 
oak,  and  rag-weed  the  most  abundant  mid-summer  weed.  The 
sample  was  taken  by  Mr.  W.  S.  Sweetser,  from  a  field  of  one  acre  area 
that  had  never  been  limed;  it  was  in  corn  at  the  time,  forming  part 
of  the  ordinary  four-course  rotation.  The  situation  was  upland,  the 
soil  well  drained  naturally,  with  surface  soil  of  ten  inches  depth, 
and  a  usual  plow-depth  of  seven  to  eight  inches.  The  sub-samples 
were  taken  from  eleven  points  to  the  amount  of  a  barrel.  Of  this, 
4  per  cent,  only,  composed  of  small  stones  with  a  few  roots,  was  too 
coarse  to  pass  a  one-quarter  inch  mesh. 

VIII.  From  the  farm  of  Mr.  Mitchell  Bachle,  Blanchard,  Pa.,  Creek 
hottom  loarn^  sampled  by  Mr.  C.  W.  Norris,  Assistant  Chemist  of  the 
Experiment  Station.  Soil  was  of  rather  light,  sandy  texture,  and  of 
light  color;  the  surface  of  the  ground  sloped  a  little  toward  the  south- 
east, but  was  otherwise  quite  level.  The  land  was  cropped  with 
clover,  had  been  long  cultivated  and  never  limed,  nor  has  it  been 
manured  for  seven  or  eight  years.  The  plow  depth  is  10  inches. 
Land  responds  well  to  liming.  The  tract  sampled  lay  near  the  creek, 
was  of  two  acres  area,  and  was  sampled  in  10  places.  Of  the  com- 
bined sub-samples,  little  more  than  2  per  cent.,  consisting  of  small 
stones  and  roots,  failed  to  pass  a  screen  of  one-quarter  inch  mesh. 

IX,  Bed  shale  soil  from  the  farm  of  Mr.  David  Mapes,  about  two 
miles  west  of  Beech  Creek,  Clinton  County.  The  soil  is  especially 
productive  of  clover  and  the  plaintain  was  the  most  conspicuous  weed 
upon  the  tract  sampled.  The  effect  of  liming  is  to  loosen  the  soil 
and  greatly  improve  the  yield.  The  tract  was  sloping  upland,  dry, 
with  a  surface  soil  ten  inches  deep,  and  a  hard  red-shale  sub-soil;  the 
plow-depth  was  eight  inches.  The  field  had  been  in  cultivation  for 
twenty  years  in  the  ordinary  four-course  rotation  and  is  not  known  to 
have  been  limed.  Over  an  area  of  two  to  three  acres,  sub-samples 
were  taken  at  thirteen  places  to  the  amount  of  700  pounds.  Of  this, 
27  per  cent.,  composed  of  small,  flat  stones,  failed  to  pass  a  one-quarter 
inch  mesh. 

CHEMICAL  ANALYSIS. 

Of  each  of  the  samples  thus  collected,  a  large  portion  was  carefully 
air-dried  in  a  drying-closet,  the  sample  allowed  to  remain  exposed  for 
some  time  to  the  air  of  the  laboratory  and  then  carefully  sifted 
through  a  one-half  millimeter  sieve  to  remove  gravel,  roots^^tc.    (If 
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these  various  samples  the  following  proportions  were  able  to  pass  the 
sieve,  the  figures  for  Samples  VI  and  VII  having  failed  to  be  pre- 
served: 

Per  cent. 

I, 78.4 

II, 50.0 

III,  75.1 

IV, 77.1 

V,  88.6 

VIII, 89.7 

IX,  79.1 


In  preparing  a  solution  of  these  soils  for  the  purpose  of  determining 
in  part  the  materials  capable  of  solution  in  hydrochloric  acid  of  1.115 
specific  gravity — the  solvent  customarily  employed  in  soil  analyses 
and  supposed  to  indicate  the  kind  and  amount  of  material  capable 
of  being  taken  up  by  plants  sooner  or  later  as  the  land  is  cropped — 
the  following  method  was  used:  Ten  grammes  of  the  air-dry  soil 
were  introduced  into  a  small  flask,  100  c.  c.  of  the  acid  added,  the 
flask  connected  with  a  reflux  condenser  and  digested  for  ten  hours  on 
a  water-bath  at  the  temperature  of  boiling  water.  The  flask  was 
cooled,  the  liquid  filtered  off  from  the  undissolved  residue,  the  filtrate 
evaporated  to  dryness.  The  soluble  silica  present  in  the  original 
acidsolution  having  been  thusrendered  insoluble,  the  other  substances 
were  redissolved  in  a  few  drops  of  hydrochloric  acid  and  hot  water 
and  the  solution  filtered.  The  filtrate  was  made  up  to  500  c.  c,  and 
various  portions  of  it  used  for  determining  several  of  the  soil  con- 
stituents by  the  oflScial  methods  of  the  Association  of  Official  Agricul- 
tural Chemists  of  the  United  States. 

Lime  and  Magnesium  Carbonates  in  the  Soils, 

In  the  following  table  are  given  the  percentages  of  hygroscopic 
moisture,  lime,  magnesia  and  carbonic  acid  present  in  the  several 
soils;  also,  the  proportions  of  the  lime  present  in  the  form  of  car- 
bonate; these  determinations  were  made  by  Mr.  C.  W.  Norris,  Assist- 
ant Chemist;  in  no  case  was  the  carbonic  acid  liberated  on  warming 
the  soil  with  dilute  acid,  sufficient  to  combine  with  all  the  lime  pres- 
ent, much  less  with  the  magnesia  also. 
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TABLE  VI— Lime,  Magnesia  and  Carbonic  Acid  In  Soils.    (Per  Cent.) 


8olL 

» 

0.88 
0.24 
0.16 
0.29 
0.08 
0.11 
0.2« 
0.29 
0.28 

I 

8.87 
2.00 
1.89 
1.04 
1.98 
4.86 
1.88 
1.49 
1.71 

0.76 
0.71 
0.48 
0.44 
0.19 
0.10 
0.86 
0.46 
0.60 

0.004 
0.089 
0.086 
0.044 
0.026 
0.040 

o.oto 

0.080 
0.048 

6.1 

in 

10.4 
17.8 

iv,  

19.0 

V 

88«8 

VI,  

68.0 

VII 

19.1 

VIII   

U.l 

IX,  

n.i 

The  variations  in  hygroscopic  moisture  are  evidently  too  slight 
to  introduce  any  material  error  in  conclusions  drawn  from  a  direct 
.  comparison  of  the  foregoing  figures. 

It  is  interesting  to  observe  that  only  in  the  case  of  the  glacial  loam, 
No.  V,  and  of  the  muck  soil,  No.  VI,  are  the  proportions  of  lime  less 
than  0.2  per  cent.,  the  amount  considered  sufficient  for  the  food  supply 
of  agricultural  plants.  Yet,  except  in  case  of  the  ironstone  soil,  the 
proportions  are  not  far  above  this  requisite  proportion. 

In  every  instance  except  those  of  No.  I  and  No.  VI,  the  ironstone 
and  muck  soils  respectively,  the  percentage  of  magnesia  in  the  soil  is 
appreciably  greater  than  that  of  lime;  and  in  the  exceptional  soils 
indicated  the  lime  is  barely  more  than  equal  to  the  magnesia. 

Except  in  the  muck  soil,  only  a  small  part  of  the  alkaline  earths 
are  present  as  carbonates;*  in  most  instances,  not  more  than  20  per 
cent,  of  the  lime  is  so  combined,  and  in  the  ironstone  soil  only  5  per 
cent.  Doubtless  a  very  considerable  part  of  that  dissolved  is  present 
in  the  soils  in  the  form  of  silicates. 

Ratio  of  Lime  to  Magnesia. 

Concerning  the  proportions  which  the  magnesia  bears  to  the  lime 
in  these  soils,  it  may  be  further  remarked  that  the  excess  of  magnesia 
here  observed  is  not  at  all  unusual;  the  mean  percentage  of  lime  in 
466  non-calcareous  soils  from  humid  regions  that  were  analyzed  by 
Hilgard,  was  0.108  per  cent.,  while  that  of  magnesia  was  0.225  per 
cent.;  in  313  soils  from  arid  regions,  the  average  lime  content  was 
1.362  per  cent.;  that  of  magnesia,  1.411  per  cent. 

*Much  cfire  was  used  In  determlninflr  the  carbonic  acid:  20  grammefl  of  the  fine,  air-dry  soli 
was  introduced  into  a  small  flask,  covered  with  freshly  boiled  water  and  thoroughly  moistened 
by  a^tation.  The  flask  was  then  connected  with  such  absorption  apparatus  that  the  air  entering 
the  flask  Is  free  from  carbonic  acid,  while  any  of  this  ^s  liberated  from  the  soil  is  absorbed, 
after  the  air  has  been  dried,  in  a  special  weighed  portion  of  the  apparatus,  from  whose  increased 
welirht  the  quantity  of  carbonic  acid  is  ascertained.  Forty  c.c.  of  concentrated  hydrochloric  acid 
was  then  Introduced  into  the  flask,  its  contents  heated  to  boillnir  and  the  air  drawn  through  the 
apparatus  for  15  minutes  as  the  flask  cooled. 
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In  view  of  these  facts,  it  is  unsafe  to  conclude  that  an  excess  of 
magnesia  soluble  in  hydrochloric  acid  of  1.115  specific  gravity  is  in- 
dicative of  a  condition  of  the  soil  whereby  pronounced  injury  must 
result  to  crops  growing  upon  it.  It  is  more  probable  that  the  sup- 
posed injurious  action  must  be  attributed  to  the  presence  in  excess 
of  some  particular  magnesian  compound  or  compounds,  rather  than 
of  magnesian  compounds  in  general. 

The  mere  fact  that  the  composition  of  large  agricultural  areas  rep- 
resented by  the  above  analyses  shows  an  average  preponderance  of 
magnesia  over  lime,  does  not,  of  course,  preclude  the  possibility  that 
a  reverse  relation  of  the  acid  soluble  portion  of  these  two  soil  com- 
ponents might  prove  more  advantageous  to  plants  grown  under  the 
artificial  conditions  of  agriculture.  There  is,  however,  no  warrant 
in  existing  knowledge  upon  the  subject  for  concluding  that  any  part 
of  the  benefits  observed  to  result  from  the  application  of  lime  to 
the  several  soils  experimented  upon,  arises  from  a  change  in  the 
ratio  between  the  magnesia  and  lime  present.  It  is  noteworthy,  how- 
ever, that  where  the  differences  in  percentage  between  the  two  are 
only  slight,  no  unqsual  application  of  lime  would  be  required  to  over- 
come it;  thus,  for  each  0.1  per  cent,  of  excess  of  magnesia  over  lime, 
an  application  of  little  more  than  a  ton  of  pure  lime  per  acre  would 
equalize  the  amounts  of  these  substances  in  the  surface  soil  taken 
to  a  depth  of  eight  inches;  whereas,  applications  of  ten  tons  to  the 
acre  are  not  very  infrequent. 


DETAILED  PLAN  OF  EXPERIMENTS. 

Owing  to  the  difficulty  of  detecting  by  analysis  minor  changes  in 
the  composition  of  soils,  a  maximum  application  was  determined 
upon.  Two  hundred  bushels  of  the  heavier  stone  lime  would  weigh 
about  18,000  lbs.;  assuming  the  dry  surface  soil  to  weigh  3,600,000 
lbs.  per  acre,  taken  to  the  depth  of  a  foot,  such  an  application  would 
correspond  to  1  lb.  of  lime  to  each  200  lbs.  of  soil.  As  the  mechanical 
mixture  of  the  soil  and  lime  is  not  perfect  under  the  usual  conditions 
of  liming,  it  doubtless  happens  quite  often  that  the  immediate  influ- 
ence of  the  lime  applied  is  limited  to  a  zone  of  three  or  four  inches 
depth.  Under  laboratory  conditions,  the  admixture  is  much  more 
perfect,  so  that  the  above  proportion  need  not  be  considered  as  ex- 
cessive in  such  degree  as  to  impair  the  value  of  any  results  obtained. 

Both  the  lime  and  magnesia  were  chemically  pure,  and  perfectly 
caustic;  only  freshly  ignited  materials,  cooled  under  conditions  that 
precluded  air-slaking,  were  used. 
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As  it  was  considered  probable  that  the  chief  effects  would  be  those 
resulting  from  chemical  reactions  produced  by  the  lime  and  magnesia 
respectively,  the  latter  was  not  employed  in  quantity  equal  to  the 
lime,  but  in  such  amount  as  would  be  chemically  equivalent  to  it, 
viz:  40  parts  of  magnesia  to  56  parts  of  lime. 

The  quantity  of  soil  used  was  2,000  grammes. 

Three  treatments  were  given  to  as  many  portions  of  the  several 
soils. 

A.  Preservation  in  a  moist  condition  without  any  admixture. 

B.  Mixture  with  10  grammes  of  lime,  and  preservation  in  a  moist 
condition. 

C.  Mixture  with  7.14  grammes  of  magnesia,  and  preservation  in  h 
moist  condition. 

The  lime  and  magnesia  were  thoroughly  mixed  with  the  soils,  both 
being  in  dry  condition. 

The  dry  soils  subjected  to  the  several  treatments  were  then  intro- 
duced into  large  bottles,  so  covered  as  to  protect  their  contents  from 
the  ready  entrance  of  dust,  insects,  etc.,  but  without  preventing  a 
constant  change  of  the  air  in  the  bottles.  The  soils  were  then  care- 
fully moistened  without  stirring,  placed  in  a  basement  room  and 
kept  there  for  ten  months.  During  the  first  three  months  water  was 
added  in  small  quantities,  to  maintain  a  uniform  condition  of  moist- 
ness  so  far  as  the  eye  could  determine.  At  the  close  of  the  ten- 
month  period,  the  soils  were  air-dried,  again  sifted  through  a  one- 
half  mm,  sieve,  as  at  first,  and  preserved  in  sealed  jars  pending 
analysis. 


MECHANICAL  EFFECTS  OF  LIMING. 


Influence  Upon  Clay  Soils  to  Increase  Porosity. 

It  is  a  matter  of  almost  universal  commient  that  the  application  of 
lime  to  a  "runny''  or  heavy  clay  results  in  a  marked  increase  in  the 
porosity,  lightness  and  crumbly  character  which  are  essential  to  a 
soil  fit  for  the  highest  tillage.  Indeed,  so  marked  is  the  influence  of 
lime  upon  such  soils  that,  in  some  localities,  it  is  asserted  that  only 
upon  heavy  clay  land  is  lime  ever  beneficial.  To  reach  an  under- 
standing of  this  effect  of  lime,  it  is  needful  to  consider  the  essential 
differences  between  the  heavy  clay  and  the  lighter  soils.  The  terms 
"heavy"  and  "light,"  as  used  in  this  connection,  do  not  refer  to  weight, 
because  a  cubic  foot  of  dry  sand  weighs  about  110  lbs.,  while 
a  cubic  foot  of  clay,  taken  from  "heavy"  land,  often  weighs 
only  about  80  lbs.  Reference  is  had  instead  to  the  draught  re- 
quired for  their  tillage,  the  adhesiveness  and  strong  coherence  of 
the  clays,  greatly  increasing  the  power  necessary  to  draw  the  plow 
through  them  as  contrasted  with  sandy  soils.  OoOqIc 
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Mechanical  Character  of  Clay  Soils. 

These  differences  are  due  chiefly  to  the  texture  of  the  soil  or,  in  other 
words,  to  its  mechanical  structure.  All  soils  are  composed  of  more 
or  less  finely  sub-divided  minerals  resulting  from  the  weathering  of 
the  rock  from  which  the  soils  were  derived,  with  more  or  less 
"humus,"  or  decayed  vegetable  matter  admixed.  A  separation  of  the 
fine  and  coarse  particles  in  various  soils  shows  them  to  be  vastly 
different  in  the  proportions  of  the  particles  of  various  diameters 
which  they  contain.  The  following  data  obtained  by  Whitney,*  in 
examination  of  the  coarse  "pine  barrens"  and  heavy  Helderberg 
limestone  clay  soils  of  Maryland,  will  serve  to  illustrate  the  me- 
chanical differences  between  the  two  types  of  soil  (all  material  coarser 
than  2  mm.  diam.  having  been  first  removed  by  sifting): 


Number  of  ffrains  per  gramme  of  soil  (millions) 

Surface  area  of  the  particle*  in  1  grramme  of  soil  (in  centimeters) 

Empty  space  in  the  dry  soils  (per  cent),  volume,  

Water  content  when  saturated  (per  cent.),  by  weight,  


1.692 
4M 
40 
W.l  I 


l».83t 

4.675 

6S 

41.1 


It  is  clear,  therefore,  that  the  number  of  grains  in  a  given  weight 
of  clay  soil  is  very  much  greater  than  in  the  same  amount  of  a  sandy 
soil,  and,  consequently,  that  the  average  diameters  of  the  clay  par- 
ticles must  be  much  less  than  those  of  the  sand  grains.  It  is  further 
clear  that,  since  the  density  of  the  minerals  composing  sand  and  clay 
are  much  the  same,  a  dry  clay  soil  weighing  less  than  a  sandy  one, 
the  arrangement  of  particles  in  the  clay  must  be  such  as  to  leave 
more  empty  space,  and  direct  examinations  of  the  soils  in  the  field 
show  this  to  be  true.  A  clay  soil  will,  when  saturated,  hold  more 
water  than  a  sand.  Owing  to  the  fineness  of  pores  in  a  clay  soil, 
water  will  be  lifted  higher  in  it  by  capillary  action,  will  be  pulled  out 
of  Of  through  it  more  slowly  by  the  influence  of  gravity  and,  when  the 
soil  is  dry,  will  distribute  more  slowly  through  it.  It  is,  therefore, 
characteristic  of  cl*iy  soils  to  be  more  moist  than  sandy  soils  in  damp 
weather,  to  dry  more  slowly  in  spring  time,  to  swell  on  becoming 
moist  after  a  dry  season,  to  heave  on  freezing  by  expansion  of  the 
water  contained  and  to  bake  into  a  hard  mass  on  drying.  In  such 
compact  soils,  the  roots  of  plants  penetrate  with  difficulty,  the  roots 
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are  broken  by  the  heaving  during  the  winter's  frost  and  plants  suffer 
from  excessive  wetness  and  coolness  of  the  soil  in  spring  time  and 
from  excessive  drought  in  sammer. 

Furthermore,  if  such  soils  are  trampled,  pressed  by  the  plow  share 
or  kneaded  in  any  way,  the  arrangement  of  the  particles  is  changed 
and  the  clay  is  said  to  be  'spuddled."  In  such  condition  water,  even 
under  high  pre^nre,  scarcely  passes  through  it;  upon  drying,  it  bakee 
-in  the  form  of  hard  clodff;  it  is  readily  gullied  by  running  water, 
making  the  streams  highly  muddy.  The  tillage  of  such  land  requires 
the  greatest  care. 

The  plasticity  that  is  characteristic  of  clay  soils  is  by  some  at- 
tributed to  a  gummy,  or  "colloidal,"  cementing  substance,  probably 
a  silicate  of  alumina;  by  others  it  is  urged  that  the  very  fineness  of 
the  particles  is  in  itself  suflScient  to  account  for  this  quality.  There 
is  some  evidence  that  both  are  in  part  correct. 

Flocculation  of  Clays, 

When  the  extremely  fine  silt  or  mud  from  certain  clays  is  suspended 
in  rain  water,  it  often  settles  out  only  very  slowly.  Prof.  Wm.  BL 
Brewer,  of  Yale  University,  in  a  private  communication,  informed  the 
writer  that  a  sample  taken  by  him  from  the  muddy  waters  of  the 
Missouri  river  and  placed  on  a  shelf,  where  it  was  free  from  agitation, 
failed  to  settle  clear  even  after  six  months  had  elapsed. 

If,  however,  certain  saline  solutions  are  admixed  with  the  muddy 
water,  the  precipitation  of  the  silt  is  greatly  hastened.  This  is  ac- 
counted for  upon  the  supposition  that  several  of  the  fine  particles  are 
made  under  the  influence  of  these  solutions,  to  cohere,  in  light  flocks, 
whereby  their  surface  is  diminished  and  they  settle  out  from  the 
liquid  more  readily.  Thus,  when  the  muddy  waters  of  the  Mississippi 
encounter  the  waters  of  the  Gulf,  the  salts  in  the  latter  bring  about 
the  "flocculation,"  as  this  change  in  condition  is  termed,  and  the  silt 
deposits  to  form  the  great  delta  which  is  ever  pushing  out  into  the 
Gulf. 

On  examining  the  flocculating  power  of  various  substances, 
Schlosing*  found  that  quick-lime  and  the  various  salts  of  lime  were 
the  most  active  flocculants,  magnesium  salts  nearly  as  effective, 
potassium  salts  weaker  and  the  salts  of  sodium  and  ammonium  still 
weaker.  In  some  cases,  two  parts  of  lime  in  the  form  of  chlorid, 
nitrate  or  sulfate,  caused  immediate  flocculation  in  10,000  parts  of 
turbid,  clayey  liquid. 

Hilgard  has  repeated  Schlosing's  experiments  with  like  results. 

The  action  of  these  flocculants  upon  a  "runny"  clay  soil  likewise 
results  in  its  granulation  or  flocculation.    If,  however,  the  flocculant 

•Cf,  Btorvr.  Asrtcaltar*.  4th  •«..  YoL  n.  p.  144. 


Se  ANNUAL  REPORT  OF  Off.  Doc. 

be  removed  by  leaching,  the  '*runny*'  character  of  the  clay  reappears. 
To  show  this  action,  Hilgard  suggests  the  following  experiment: 
Work  a  portion  of  tough  clay  into  a  plastic  mass  with  soft  water;  on 
the  one  hand,  mix  one  part  of  caustic  lime  with  200  of  the  clay  before 
working  into  a  paste  with  water;  on  drying,  the  former  portion  be- 
comes of  almost  stony  hardness,  the  latter  crumbles  readily  at  the 
touch. 

Theories  of  Flocculation. 

The  cause  of  this  action  is  not  fully  understood.  Schlosing  found 
that  in  washing  the  soluble  materials  from  soils  by  water,  silt  was 
held  back  when  a  current  of  carbonic  acid  gas  was  passed  through 
the  soil  during  the  washing;  from  this  fact  it  has  been  inferred  that 
the  acid  carbonate  of  lime  is  the  active  flocculant.  Hilgard*  also  ob- 
served that  the  destruction  of  the  causticity  of  the  lime  in  a  magma 
of  limed  clay  by  causing  a  stream  of  carbonic  acid  to  bubble  through 
it  for  twenty-four  hours,  did  not  at  all  restore  the  plasticity  of  the 
clay;  hence,  the  flocculation  does  not  necessarily  require  caustic 
lime.     But  the  action  of  the  neutral  carbonate  is  much  weaker. 

Hilgard,  Brewer  and  Baru8,t  proceeding  upon  the  theory  that  the 
clay  particles  are,  in  part  at  least,  in  a  gummy  or  colloidal  condition, 
suggest  that  flocculation  results  from  a  dehydration  of  the  clay  under 
the  action  of  the  saline  solutions.  Whitney  urges,  however,  that  such 
an  assumption  is  needless  since  the  facts  may  be  accounted  for  by  the 
laws  of  surface  tension;  for,  assuming  two  grains  of  clay  to  lie  in 
contact  with  each  other  on  the  surface  of  a  liquid,  if  the  attraction 
of  the  liquid  for  the  surfaces  of  the  clay  is  greater  than  the  attrac- 
tion between  the  different  portions  of  the  liquid,  the  latter  will  rise 
between  the  particles  and  tend  to  separate  them;  if,  on  the  other 
hand,  the  reverse  is  true,  the  clay  particles  would,  when  separated, 
tend  to  come  together.  The  determinations  made  by  this  invest i- 
gatorj  of  the  power  of  various  flocculant  solutions,  as  compared  with 
water,  to  rise  in  a  glass  tube,  shows,  however,  that  the  former  rise 
higher  and  that  their  observed  relations  in  this  respect  do  not  cor- 
respond with  their  flocculant  activities  as  ascertained  by  Schlosing 
and  Hilgard. 

The  observations  of  King§  do  not,  however,  fully  accord  with 
Whitney's  in  respect  to  the  influence  of  lime  upon  the  capillary  move- 
ment of  water;  for  he  found  that  the  rate  at  which  water  passed 
upward  through  columns  of  coarse  sand  and  away  by  evaporation, 
was  decreased  rather  than  increased  by  the  addition  of  lime  water, 
thus  indicating  for  the  latter  a  lower  capillary  power. 
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Duration  of  Effect, 

Whatever  be  the  explanation,  the  fact  remains  that  the  ^'lighten- 
ing^ effect  upon  snch  soils  resulting  from  liming  is  very  marked  and 
often  lasts  for  years. 

Influence  Upon  Water  Movement. 

Pearsen*  has  noted  the  interesting  fact  that  a  clay  soil  which 
allowed  a  layer  of  water  only  five  centimeters  (tw(>  inches)  deep  to 
penetrate  through  it  in  no  less  time  than  twenty-nine  days  and  nine- 
teen hours,  when  mixed  with  2.5  per  cent,  of  lime,  permitted  the  com- 
pletion of  the  percolation  in  only  seven  hours. 

In  case  of  such  a  soil  lying  upon  a  steep  slope,  it  is  readily  seen  that 
one  result  of  liming  would  be  the  readier  percolation  of  the  water 
through  the  body  of  the  soil  with  a  correspondingly  lessened  tendency 
to  form  rivulets  upon  the  surface,  which  might  wash  it  into  gullies; 
nor  would  the  percolation  be  accompanied  by  the  removal  of  the  finer 
particles  of  the  soil. 

Modifying  Effect  of  the  Lime  Already  in  the  Soils. 

Hollemann^t  working  upon  stiff  clays  at  Groningen,  Holland,  found 
their  porosity  improved  by  addition  of  lime  in  the  form  of  carbonate, 
whenever  the  quantity  of  lime  in  the  soil  was  less  than  0.15  per  cent.; 
but  that  no  benefit  was  perceptible  from  its  application  when  the 
soil  contained  as  much  as  0.5  per  cent. 

Kingt  observes  that  there  appear  to  be  some  exceptions  to  the 
general  rule  that  the  presence  of  calcium  carbonate  ensures  the 
friability  of  fine  clays,  from  the  fact  that  there  are  many  clays,  very 
impervious  to  water,  plastic  and  adhesive,  which  are  unfitted  for  use 
in  making  brick  or  pottery,  because  of  the  lime  they  contain,  the 
amount  sometimes  reaching  5  per  cent.  As  a  possible  explanation, 
this  writer  suggests  that  it  may  be  that  the  lime,  once  in  the  impenri- 
ous  clay,  could  not  be  acted  upon  by  the  carbonic  acid  suflBciently  to 
form  enough  acid  carbonate  of  lime  to  effect  the  flocculation. 

Injury  from  Limiuff  Clays. 

It  is,  however,  distinctly  recognized  that  the  too  frequent  and 
copious  application  of  lime  even  to  clay  soils  may  eventually  render 
them  hard  and  compact,  instead  of  friable  and  open.  In  this  case, 
the  cementing  action  of  the  calcium  carbonate  formed  in  the  soil 
appears  to  more  closely  resemble  that  observed  in  the  case  of  ordinary 
mortar. 

A  similar  injury  results  from  the  application  of  large  dressings  of 
caustic  lime  upon  a  clay  when  it  is  in  a  wet  condition.  On  very  wet 
clays,  draining  should  precede  liming. 

•Chemical  Neira.  UM.  p.  O. 
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Mechanical  Effects  Upon  Light  Soils, 

Observations  upon  tlie  influence  of  lime  upon  the  texture  of  light 
soils  are  more  divergent  in  their  conclusions.  Many  correspondents 
in  this  State  affirm  that  the  application  to  light  soils  makes  the  latter 
more  retentive  of  moisture  and  that  this  is  more  true  of  shales  and 
gravels  containing  considerable  proportions  of  fine  particles  than  it 
is  of  sharp  sands  or  even  of  alluvial  sand  deposits.  It  is  noted  in 
particular  that  the  liming  of  the  blue  slate  uplands  of  Fulton  and 
Bedford  counties  has  so  increased  the  retentiveness  of  the  soil  for 
moisture,  that  clover  can  be  made  to  live  through  the  summer,  where, 
without  liming,  it  dies  from  drought.  These  statements  accord  with 
experience  elsewhere. 

Experiments    on  the  Influence  of   Lime  and  Magnesia    Upon  the  Water 
Capacity  and  Hygroscopic  Coefficient  of  Soils. 

Upon  the  several  soils  under  treatment  in  the  experiments  con- 
ducted in  my  laboratory,  no  observations  were  made  to  determine  the 
effect  of  the  several  treatments  upon  the  rate  at  which  water  would 
percolate  through  them.  But  determinations  were  made  by  Mr.  C.  P. 
Beistle,  Assistant  Chemist,  of  the  water-holding  capacities  and  the 
hygroscopic  coefficients,  or  power  to  absorb  water  vapor,  of  the 
several  lots  of  soil.  For  the  former  determinations,  the  dry  soils 
were  weighed  into  tared  glass  funnels,  upon  uniform  filter  paper, 
and  water  was  then  added  until  the  soils  were  saturated;  when  drops 
ceased  to  come  through  the  funnel,  the  tops  being  covered  to  prevent 
evaporation,  the  funnels  were  weighed  with  their  contents,  and  the 
quantity  of  water  retained  was  thus  ascertained. 

For  the  latter  determination,  one  portion  of  soil  was  taken  for  the 
estimation  of  water  held  under  laboratory  conditions;  another  portion 
was  exposed  for  twenty-four  hours  upon  an  open  watch-glass  in  a 
box  so  constructed  that  the  air  it  contained  should  be  saturated  with 
water  vapor. 

The  gain  in  weight  due  to  the  absorption  of  water,  plus  the  weight 
of  vapor  already  present,  gives,  when  figured  in  percentage  upon  the 
basis  of  the  dry  soil,  the  hygroscopic  coefficient. 
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Sou. 


Water-hoMinir  Capacity 
(Per  cent.) 


BUnk. 


Ldme.       Masnesla. 


HyproBooplc  Coefficient. 
(Per  cent.) 


liime.    Magnesia. 


I.  Ironstone 

II.  Black  slate 

III.  Red  shale  clay. 

IV.  Limestone  clay. 
V.  Glacial  clay.    ... 

VI.  Muck,    

Vn.  Limestone  clay, 
Vni.  Loam 

IX.  Red  shale,    


46.15 
68.66 
47.15 
49.03 
48.78 
77.89 
52  99 
49.98 
54.98 


47.5S 
64.15 
43.58 
51.63 
47.53 
82.53 
49.01 
47.11 
54.86 


47.40 
54.40 
43.85 
47.16 
50.40 
79.40 
51.52 
60.89 
54.98 


3.60 
8.95 
1.67 
1.80 
1.60 
4.68 
1.68 
8.87 
8.28 


3.59 
8.87 
1.78 
1.84 
1.86 
4.94 
1.69 
2.44 
2.23 


3.27 
2.86 
1.57 
1.63 
1.69 
6.23 
1.98 
2.89 
2.14 


As  regards  the  watei'- holding  capacity ^  it  is  to  be  remarked  that  the 
range  of  difference  exhibited  by  the  several  untreated  soils  is  not 
large,  viz:  from  about  46  to  78  per  cent.;  the  muck  soil  in  particular 
shows  a  strikingly  low  capacity;  it  is  entirely  possible  that  in  the 
case  of  this  soil,  the  porosity  was  impaired  by  the  sifting  through  so 
fine  a  mesh.  The  influence  of  the  liming  upon  the  empty  space  and 
arrangement  of  particles  is  not  clearly  marked  so  far  as  it  is  in- 
dicated by  the  water-holding  capacity  of  the  soils;  in  four  in- 
stances of  varied  character,  the  capacity  seems  to  increase;  in  five, 
to  diminish  slightly;  the  magnesia  exerted  as  marked  an  influence, 
but  in  samples  IV,  V  and  VII,  its  action  was  opposite  to  that  of 
the  lime.  It  is  probable  that,  to  exhibit  the  characteristic  change,  the 
conditions  of  after  treatment  of  the  soil  have  not  been  favorable.  It 
is  hoped  to  repeat  the  work  under  other  conditions,  but  time  has  not 
permitted  the  repetition  prior  to  the  preparation  of  this  report.  Bear- 
ing upon  the  importance  of  these  conditions,  the  old  observations  of 
Zengar*  and  Wilhelmf  that  the  pulverization  of  soils  consisting  of 
porous  particles  such  as  lime-sinter  or  peat,  to  some  extent  destroys 
their  porosity  and  power  to  retain  liquid  water,  may  be  recalled. 

As  regards  tte  hygroscopic  coefficient,  or  power  to  take  up  moisture 
vapor,  likewise,  there  is  no  clear  indication  that  the  lime  or  magnesia 
exercises  any  clearly  marked  influence,  and  the 'experiment  must  be 
repeated  upon  portions  of  soil  not  treated  as  those  must  be  which  are 
to  be  subjected  to  chemical  analysis.  HilgardJ  aflfirms,  however,  that 
this  power  to  take  up  moisture  vapor  depends  essentially  upon  one 
or  more  of  four  substances,  humns^  ferric  hydrate^  clay  and  Ihne^ 
named  in  the  order  of  their  eflficiency.  '*It  varies,"  he  says,  "from  1.5 
to  23  per  cent,  at  15  degrees  Centigrade  in  a  saturated  atmosphere.  A 
pure  clay  rarely  exceeds  12  per  cent.;  ferruginous  clays  show  15  to  21 
per  cent.;  some  calcareous  clays  rise  nearly  as  high;  while  peaty  sol's 
rise  to  23  per  cent,  or  more. 
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Lime  Pan, 

One  other  point  of  some  importance  relating  to  the  texture  of  soils 
is  the  tendency  noted  on  stiff  soils,  the  plow  depth  of  which  is  not 
varied  with  some  frequency,  to  form  a  hard  pan  or  compact  layer 
between  the  surface  and  sub-soil.  Once  formed,  it  is  the  tendency 
of  the  alkaline  silicates,  humates  and  lime  carbonate  brought  to  it 
by  the  leaching  of  the  surface  soil  to  form  a  strong  layer  that  prevents 
the  proper  upward  movement  of  sub-soil  moisture  in  dry  seasons  and 
the  free  downward  movement  of  the  plant  roots.  Heavy  liming,  after 
such  a  pan  is  formed,  often  greatly  increases  it,  forming  what  is 
known  as  lime-pan.  This  formation  is  readily  prevented,  however, 
by  proper  liming;  but  it  would  be  well  to  be  sure  that  the  land  is 
free  from  hard-pan  before  heavily  liming  it. 

THE  CHEMICAL  EFFECTS  OF  LIMING. 

When  the  action  of  lime  upon  various  individual  minerals  and  upon 
distinct  organic  materials  such  as  starch,  albuminoids,  etc.,  is  studied, 
it  is  found  to  be  quite  variable  with  the  natui*e  of  the  substance  acted 
upon.  That  the  introduction  of  so  powerful  a  chemical  reagent  into 
those  highly  differing  and  always  complex  mixtures  of  mineral  and 
vegetable  matters  that  we  term  "soils,"  should  result  in  a  great 
variety  of  effects  is  not,  therefore,  surprising.  In  the  discussion  fol- 
lowing, attention  will  be  chiefly  confined  to  a  few  of  the  practically 
more  important  points,  considering  first  those  relative  to  the  mineral 
matters  and,  second,  those  affecting  the  organic  matter  (humus)  and 
nitrogenous  substances. 

Most  Soil  Constituents  Unavailable  to  Plants, 

Before  speaking  in  detail  upon  these  subjects,  it  may  be  remarked 
that  while  plants  are  able  to  take  up  directly  from  freshly  pulverized 
rock  materials  small  quantities  of  the  several  plant  foods  the  latter 
contain,  the  mineral  substances  must  usually  undergo  quite  radical 
changes  by  the  action  of  weather  and  decaying  vegetation  before  they 
are  really  in  condition  to  make  a  fertile  soil.  Before  they  are  thus 
changed,  many  of  them  resist  the  action  of  quite  strong  acids;  among 
such  minerals  are  included  the  widely  distributed  and  important 
minerals,  quartz,  feldspar,  mica,  hornblende,  augite,  talc,  steatite, 
kaolinite,  chrysolite  and  chlorite.*  It  is  not,  therefore,  a  matter  of 
surprise  that  in  even  rich  soils,  only  50  to  150  parts  in  100,000  are 
capable  of  being  dissolved  in  water. 

It  must,  of  course,  be  admitted  that  the  plant  is  not  wholly  confined 
in  its  feeding  upon  mineral  matters  to  the  water-soluble  substances; 
for  the  acid  surfaces  of  the  rootlets  and  root-hairs  are  able  to  take  up 
some  mineral  matters  through  their  cell  walls  in  much  the  same 
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manner  as  the  acid  strawberry,  in  the  course  of  preparation  for  table 
use,  takes  up  and  is  sweetened  by  the  coarse,  dry,  granulated  sugar 
spread  upon  it. 

We  have,  however,  not  discovered  a  chemical  reagent  which  will 
closely  represent  in  its  action  upon  the  soil,  the  action  of  the  plant 
during  a  single  growing  season.  While  it  is  thought  that  the  mineral  \ 
matter  soluble  in  hydrochloric  acid  may  fairly  represent  the  ultimate 
fertility  or  cropping  strength  of  soils,  various  organic  acids  or  solu- 
tions of  their  salts  have  been  proposed  as  reagents  to  show  the  more 
immediately  available  plant  food,  such  as  the  plant  could  probably 
utilize  at  once  if  opportunity  occur;  these  do  not  all  closely  corres- 
pond in  their  action  with  that  of  various  plants,  and  it  is  highly  im- 
probable that  a  single  solvent  could  do  so  for  all  plants  and  soils; 
but  they  are  of  considerable  value  as  indicators  of  the  readiness  of  the 
various  more  important  soil  ingredients  for  use  by  the  plants,  and  to 
afford  rough  suggestions  as  to  the  need  for  the  application  of  the  sev- 
eral manurial  constituents. 

Lime  Unlocks  Plant  Food  Already  in  Soil, 

So  it  has  come  to  be  said  that  only  a  small  proportion  of  the  food 
substances  in  most  soils  are  immediately  ready  for  plant  use;  that  the 
less  soluble  foods  are,  as  it  werc,  locked  up  in  a  safe,  and  that  lime 
is  one  of  the  keys  by  which  the  safe  may  be  opened  and  some  of  its 
contents  made  accessible  to  the  crop.  If,  however,  the  soil  be  devoid 
of  compounds  such  as  lime  can  convert  into  available  plant  food,  the 
addition  of  lime  can  cause  no  increase  in  the  material  fertility  of  the 
soil  except  as  lime  itself  may  be  needed  by  the  plants. 

Liheratlon  of  Potash : 

Potash  in  Soil  Chiefly  Insoluble: 

Though  the  commercial  potash  compounds  are  nearly  all  soluble — 
with  so  few  exceptions  that  the  chemical  methods  for  the  separation 
of  potash  from  other  bases  are  very  limited  in  number — most  of  the 
potash  present  in  the  soil  exists  there  in  insoluble  or  difficulty  soluble 
combinations.  Drainage  waters  contain,  as  a  rule,  much  less  of  it 
than  of  soda,  lime  or  magnesia.  Thus  Way,*  upon  examining  the 
drainage  waters  from  seven  fertile  soils  near  Surrey,  Eng.,  found  in 
four  cases,  only  traces  of  potash,  and  in  the  others,  only  0.03,  0.07 
and  0.31  parts  in  100,000  parts  of  the  water.  Krockerf  found,  in  the 
summer  drainage,  from  poor  soils,  only  0.2  to  0.6  parts  in  100,000  of 
the  water,  but  Zoller,J  in  five  waters  of  percolation  collected  during 
the  summer  from  a  number  of  soils  near  Munich,  found  0.20  to  0.65 

•Jour.  Roy.  Agr.  fioc.,  17,  138. 

tJcur.  prak.  Chem.,  60,  4M;  Cf.   Johnson,  How  Crops  Peed,  814. 
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parts  in  100,000.  Deh6rain,§  studying  the  drainage  of  the  experiment 
farm  at  Grignon,  France,  found  that  on  highly  manured  land  the 
drains  in  one  year  removed  0.2  per  cent,  of  the  entire  acid-soluble 
potash  present,  while  from  unmanured  lands,  only  0.05  per  cent,  of 
the  entire  amount  of  potash  was  removed.  Where  a  proportion  of 
water  larger  than  that  found  in  the  soil  is  used  in  extraction,  or  where 
a  soil  is  exposed  to  the  action  of  renewed  portions  of  water,  larger 
amounts  of  potash  are  found  to  be  dissolved. 

Potash  in  Fertilizers  Fixed  by  Soils : 

Furthermore,  if  a  given  amount  of  some  potash  salt  be  added  to  a 
sample  of -soil  and,  after  the  mixture  has  stood  for  a  short  time,  the 
earth  be  washed  with  water  and  the  washings  compared  with  those 
obtained  by  the  extraction  of  an  equal  quantity  of  the  unmixed  earth 
with  an  equal  quantity  of  water,  it  is  found  that  the  potash  extracted 
from  the  former  soil  is  far  less  than  the  sum  of  that  in  the  potash 
salt  and  that  extracted  from  the  unmixed  earth;  in  other  words,  it  is 
distinctly  evident  that  much  of  the  potash  in  soluble  fertilizer  salts 
is  quite  promptly  changed  in  the  soil  into  insoluble  or  diflBcultly 
soluble  compounds.  The  time  required  for  the  completion  of  this 
fixing  action — so  far  as  it  goes,  for  all  the  fertilizer  potash  is  never 
fixed, — Peters||  found,  in  case  of  one  soil,  to  be  forty-eight  hours. 

Solvent  Action  of  Lime: 

The  solvent  action  of  water  is,  however,  very  greatly  increased 
when  lime,  whether  as  a  hydrate,  as  acid  carbonate,  or  in  chlorid, 
sulfate,  nitrate  or  similar  soluble  salt,  is  dissolved  in  it.  The  work 
of  Johnson,  Way,  Liebig,  Brustlein,  Peters,  Knop,  Heiden,  Armsby 
and  others,  has  shown  most  clearly  that  the  lime  in  such  solutions 
displaces  some  of  the  potash  of  the  soil,  the  displaced  alkali  being 
extracted  while  an  equivalent  quantity  of  lime  is  fixed  in  the  soil. 
This  probably  explains  the  fact  noted  by  Hilgard**  that  sometimes  a 
soil  very  rich  in  lime  and  phosphoric  acid,  shows  a  good  productive- 
ness despite  a  very  low  potash  content;  and,  conversely,  sometimes 
a  high  potash  content  seems  capable  of  offsetting  a  low  lime  percent- 
age— it  being  truie  that  potash  salts  when  added  in  solution  to  a  soil, 
liberate  some  lime  with  the  fixation  of  an  equivalent  amount  of 
potash. 

Nature  of  Compounds  Attacked  by  Lime: 

When  the  nature  of  the  compounds  in  the  soil  that  are  acted  upon  by 
the  lime  with  a  resulting  liberation  of  potash,  is  studied,  it  is  found 
that,  for  the  most  part,  they  belong  to  two  great  classes:  hydrous 
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soluble  silicates,  probably  belonging  to  the  zeolitic  class,  and  double 
salts  of  the  acids  of  humus — humates  and  ulmates.  M.  John- 
stone,* in  studying  the  compounds  that  result  from  the  weathering 
of  feldspars — anhydrous  double  silicates  of  alumina  with  potash,  soda 
or  lime — states  that  when  carbonic  acid  is  present  in  large  quantity, 
the  potash  is  set  free  as  carbonate;  but  that  when  such  excess  of 
carbonic  acid  is  lacking,  the  potash  remains  in  combination  with 
silica;  if,  then,  lime  be  added,  it  displaces  the  potash,  forming  the 
lime  silicate  and  setting  the  potash  free,  as  it  has  been  found  to  do 
in  acting  upon  the  pure  zeolitic  minerals. 

Mulderf  has  found  that  humic  and  ulmic  acids  form  double  salts 
of  the  alkalies  with  lime,  magnesia,  iron,  manganese  and  alum- 
ina. It  is  doubtless  due,  at  least  in  large  measure,  to  a  displacement 
of  potash  by  lime  in  a  manner  analogous  to  that  observed  in  the  case 
of  the  double  silicates,  that  liming  soils  poor  in  such  silicates  but 
containing  humus,  results  in  the  increase  of  available  potash. 

Solvent  Action  of  Magnesia: 

According  to  Kellner,t  magnesia  and  magnesium  ^alts  act  in  a 
manner  similar  to  lime.  Peters,§  testing  the  solvent  power  of  the 
saline  solutions  of  a  number  of  bases,  including  lime  and  magnesia, 
upon  equal  portions  of  a  well-washed  soil,  found  that  the  magnesia 
solution  took  out  0.1224  grammes  of  potash,  while  lime  removed 
0.1252  grammes,  or  with  a  slight  correction  for  the  lack  of  precise 
chemical  equivalence  in  the  solvent  used,  the  magnesia  salts  had  90 
per  cent,  of  the  activity  of  the  corresponding  lime  salt. 

Amount  of  Potash  in  Soils  Experimented  Upon: 

Turning  now  to  the  soils  subjected  to  test  in  our  experiments:  The 
proportion  of  potash  in  the  solutions  prepared  for  the  determinations 
of  lime  and  magnesia,  the  results  of  which  have  been  stated  in  an 
earlier  paragraph,  was  determined  by  Mr.  C.  W.  Norris  in  accord- 
ance with  the  official  method.  To  gain  a  better  notion  ot  the  avail- 
ability of  the  potash  in  the  several  soils,  Mr.  Norris  also  determined 
the  proportion  of  potash  extracted  by  water  under  the  following  con- 
ditions: 

One  hundred  grammes  were  soaked  with  1,000  c.  c.  of  distilled  water 
at  summer  temperature  (23  degrees  C,  or  73  degrees  Fahr.),  for  seven 
days,  the  flask  being  thoroughly  shaken  several  times  daily.  The 
liquid  was  then  drawn  off  and  the  fine  silt  in  suspension  allowed  to 
settle.  In  a  given  fraction  of  the  clear  liquid  the  potash  was  de- 
termined. 

*Nalurw.  RundKchau,  1891,  323;  Exp.  8ta.  Record,  a.'  581. 
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In  a  study  of  soil  solvents  made,  several  years  since,  by  Dr.  Bernard 
Dyer,  Chemist  to  the  Royal  Agricultural  Society,  England,  upon 
certain  soils  of  the  Rothamsted  Experiment  Station,  England,  and 
checked  by  the  analytical  crop  and  fertilizer  records,  remarkably  in- 
dicative results  were  obtained  by  using  a  1  per  cent,  citric  acid  solu- 
tion as  the  solvent. 

The  several  soils  tested  were,  therefore,  examined  before  treatment 
with  lime,  by  the  use  of  this  solvent.  Mr.  C.  P.  Beistle,  Assistant 
Chemist,  made  these  determinations  in  the  following  manner:  200 
grammes  of  the  air-dried  soil  was  exposed  for  seven  days  at  summer 
temperature  (73  degrees  Fahr.),  to  the  action  of  two  litres  of  a  1  per 
cent,  solution  of  citric  acid;  the  mixture  was  shaken  several  times 
daily.  At  the  end  of  the  seven-day  period  the  liquid  was  decanted  off 
and  carefully  filtered.  In  a  given  fraction  of  the  filtrate,  the  potash 
was  determined  in  the  manner  recommended  by  Dyer,  save  that  the 
heavy  metals,  phosphoric  acid,  etc.,  were  first  precipitated  and  filtered 
off. 

The  results  of  these  three  sets  of  determinations  are  given  in  the 
following  tabl^  the  figures  being  the  average  of  two  or  three  closely 
concordant  determinations: 

TABLE  VIII.— Potash  In  the  Original  Soils.    (Per  Cent.) 


Soil  Sample. 


i 

I 


In  per  cent,  of  the  Entire  Boll. 


9 


5 


Inpercent.  of  the  Pot* 
ash  Soluble  In  HCI. 


1 

O 

5 
C 


^ 


I.  Ironstone 

n.  Black  slate 

III.  Red  shale  clay. 

IV.  Limestone  clay, 
v.  Glacial  loam,   ... 

VI.  Muck 

VII.  Limestone  clay, 

VIII.  Loam 

IX.  Red  shale  clay. 


1 

.S2K 

.018t 

.0080 

4.1 

2.00 

.885 

.0220 

.0071 

2.6 

l.Sf 

.460 

.0107 

.0060 

8.8 

l.M 

.805 

.0186 

.00«8 

l.M 

.270 

.0117 

.0071 

4.86 

.220 

.0450 

.0190 

10.5 

1.86 

.840 

.OlM 

.OUO 

6.1 

1.49 

.880 

.0150 

.0180 

1.78 

.416 

.0150 

.0180 

8.6 

2.6 
0.8 
1.1 
0.8 
2.6 
12.2 
8.6 
8.9 
8.1 


The  differences  in  the  quantity  of  water  are  very  small,  except  in 
the  ease  of  the  muck  as  compared  with  the  other  soils;  even  in  the 
latter  case,  the  correction  would  be  an  increase  in  the  percentage  of 
potash  in  the  muck  amounting?  to  only  one-thirtieth  of  the  portion 
extracted  by  the  several  solvents.  Comparisons  may,  therefore,  be 
made  on  the  basis  of  the  figures  as  they  are  stated  above.  So  far  as 
the  total  amount  of  potash  extracted  by  strong  acid  is  concerned. 
No.  II,  black  slate,  and  No.  IV,  limestone  clay,  contain  by  far  the 
larger  quantities,  and  No.  VI,  the  muck,  contains  least; ^ile  the 
other  soils  do  not  differ  very  greatly  from  one  another,  ed  by  v:iOOglC 
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The  editor  of  the  Handbook  of  Experiment  Station  Work  (p.  313), 
notes  that  this  element  is  capable  of  great  variation  without  materi- 
ally affecting  the  productiveness  of  the  soil.  In  heavy  clay  uplands 
it  ranges  from  0.8  to  0.5  per  cent.;  in  lighter  loams  from  0.45  to  0.3;  in 
sandy  loams  below  0.30.,  and  in  sandy  loams  of  great  depth  may  fall 
below  0.10  with  good  productiveness  and  durability. 

Hilgard*  says  "No  virgin  soil  having  0.50  per  cent,  of  potash  will 
wear  out  first  on  that  side  of  its  store  of  plant  food;  and  much  less 
will  suffice  in  the  presence  of  much  lime  and  humus." 

Water-Soluble  Potash:  * 

When  we  turn  to  the  consideration  of  the  condition  in  which  the 
potash  exists  in  the  soils,  several  striking  facts  are  apparent.  The 
muck,  notwithstanding  its  low  proportion  of  total  potash,  contains 
over  twice  as  much  water-soluble  potash  as  an  equal  weight  of  any 
other  of  the  soils,  and  about  six  times  as  much  as  is  present  in  No.  Ill, 
red  shale  clay ;  looking  simply  at  the  percentage  of  the  total  potash 
that  is  present  in  water-soluble  condition,  it  is  seen  to  be  over  sixteen 
times  as  great  in  the  muck  as  in  Nos.  II  and  IV.  On  the  contrary,  the 
soils  containing  the  highest  percentages  of  potash  soluble  in  strong 
acid,  Nos.  II  and  IV,  are  among  those  containing  least  of  this  ingre- 
dient in  water-soluble  condition.  The  source  of  the  soil,  as  regards 
the  kind  of  rock  from  which  it  is  formed,  is  not  necessarily  an  indica- 
tion of  its  present  composition  and  fertility;  thus,  compare  the  lime- 
stone clays,  IV  and  VIII,  and  the  red  shale  clays,  III  and  IX,  and 
quite  important  differences  in  the  amount  and  condition  of  the  potash 
are  visible. 

Total  Available  Potash: 

Turning  to  a  consideration  of  the  potash  dissolved  by  the  citric 
acid  method,  none  of  the  soils  show  less  than  0.01  per  cent.,  and  so 
should  scarcely  be  regarded  as  extremely  impoverished.  Dyerf  sug- 
gests that  there  is  no  immediate  need  of  potash-manuring,  if  the  citric 
soluble  potash  in  the  soil  form  0.005  per  cent,  of  the  dry  soil.  In  this 
case,  too,  the  muck  shows  both  the  largest  percentage  and  the  largest 
amount,  while  Nos.  I,  III,  IV  and  V  contain  the  least  amounts. 

Potash  in  Soils  After  Treatment: 

The  treated  soils  were  also  examined  with  reference  to  the  amount 
and  condition  of  the  potash  contained.  The  total  potash  soluble  in 
strong  acid  was  determined  by  Mr.  C.  W.  Norris,  that  soluble  in  citric 
acid  solution  by  Mr.  C.  P.  Beistle.  In  the  latter  determination  a  suf- 
ficient quantity  of  citric  acid  was  used,  beyond  that  required  to  make 
a  1  per  cent,  solution,  to  neutralize  the  lime  and  magnesia  added  in  the 
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samples  that  represented  the  results  of  treatments  B  and  C,  so  that 
the  neutralizing  efi'ect  of  these  alkaline  earths  might  not  too  greatly 
interfere  with  the  solvent  action  of  the  liquid. 

The  results  are  shown  in  the  following  table.  Owing  to  the  fact 
that  the  quantity  of  tiiie  lime  and  magnesia  added  in  treatments  B 
and  C  would  not,  even  if  fully  carbonated  by  action  of  the  air  of  the 
soil,  come  to  equal  1  per  cent,  of  the  weight  of  the  entire  soil,  it  has 
not  been  deemed  needful  to  correct  for  the  error  introduced  by  this 
addition,  to  permit  a  direct  comparison  between  the  results  of  treat- 
ment A  and  those  of  B  and  C.  For  safety,  the  moisture  of  the  samples 
was  determined  in  each  case;  the  differences  between  the  several 
treated  samples  and  the  original  soils  were,  however,  so  slight  that 
these  results  may  be  omitted. 
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Examiuing  these  figures  critically  and  comparing  them  with  the 
percentages  obtained  in  the  case  of  the  original  untreated  soils,  some 
very  striking  discrepancies  are  seen,  especially  in  the  cases  of  Nos. 
II,  HI  and  IV.  Some  discrepancy  is  also  apparent  in  the  figures  for 
potash  soluble  in  strong  acid  obtained  from  each  soil  after  the  dif- 
ferent treatments.  The  latter  fact  and  the  further  fact  that  the 
results  are  the  averages  of  several  separate  analyses  in  each  cafie^ 
lead  to  the  conclusion  that  the  discrepancies  are  chiefly  due  to  the 
difficulty  in  getting  perfectly  uniform  samples  of  soil,  even  when  great 
care  is  exercised. 

So  far  as  the  potash  soluble  in  strong  acids  is  concerned,  there 
seems  to  be  no  evidence  in  the  figures  above  presented  to  the  effect 
that  the  lime  or  magnesia  especially  influences  the  amount  of  potash 
that  is  capable  of  extraction  with  such  vigorous  solvent.  There  are 
variations,  it  is  true,  in  the  percentages  shown  by  samples  from  dif- 
ferent treatments  of  the  same  soil,  but  comparing  the  lime  and 
fallow  treatments  in  their  action  upon  red  shale  clays,  Nos.  Ill  and 
IX,  the  figures  would  show  exactly  opposite  effects.  It  would,  how- 
ever, not  be  safe  on  the  basis  of  these  analytical  results  to  affirm 
positively  that  lime  and  magnesia  have  no  tendency  to  attack  min- 
erals little  soluble  in  strong  acids,  and,  in  greater  or  less  degree, 
to  aid  the  increase  of  their  availability  through  the  process  of  weath- 
ering. 

(a.)  Effect  of  Fallowing: 

It  may,  however,  be  true  that  the  availability  of  the  potash  in  the 
different  portions  of  the  same  soil  is  more  uniform  than  is  the  amount 
of  potash  itself.  On  the  basis  of  this  assumption,  compare  the  citric- 
acid-soluble  potash  in  the  original  and  fallow  soils.  Despite  the 
opposite  tendency  of  the  total  potash  soluble  in  strong  acid,  in  soils 
I,  II,  III,  IV  and  V,  inclusive,  after  fallow  treatment,  the  propor- 
tion of  the  entire  soil  present  in  citric-acid-soluble  potash  is  as 
great  or  greater  than  in  the  original  soils;  in  the  muck  soil,  the 
quantity  of  such  potash  is  materially  less  after  fallowing;  in 
soils  VII,  VIII  and  IX  it  shows  a  slight  decrease;  expressed  in  terms 
of  the  entire  acid-soluble  potash,  that  soluble  in  citric  acid  in  the 
fallow  soils  is  greater  in  soils  I,  II,  III,  IV  and  V;  is  somewhat  less  in 
soils  VII  and  VIII  and  markedly  less  in  the  muck  soil. 

(b.)  Effect  of  Liming: 

Turning  attention  now  to  the  effect  of  lime,  recalling  that  the 
soils  in  Treatment  A  were  exposed  to  precisely  the  same  conditions 
as  those  subjected  to  the  other  treatments,  we  may  fairly  compare 
the  figures  from  Treatments  A  and  B  to  ascertain  the  effect  of  the 
liming.    Without  exception,  the  "available^'  potash,  or  that  soluble. 

Digitized  by  ,11^ 


No.  21.  THE  PENNSYLVANIA  STATE  COLLEGE.  99 

in  citric  acid,  was  increased.  If  the  proportion  of  the  entire  soil  rep- 
resented by  the  "available"  potash  is  considered,  it  is  found  that 
from  16  to  74  pounds,  or  an  average  of  30  pounds  per  million  pounds 
of  soil  is  present  in  the  limed  soil.  This  may  appear  to  be  very  little, 
but  as  little  as  twenty  pounds  of  nitrate  of  soda  applied  to  an  acre 
has  been  found  to  influence  the  plant  growth  and  such  application 
is  equivalent  to  no  more  than  1  pound  of  nitrogen  to  1,000,000  pounds 
of  soil.  The  larger  effects  were  observed  on  the  limestone  clay.  No. 
VII,  and  on  the  red  shale,  No.  IX,  which,  in  their  original  state,  con- 
tained nearly  0.3  per  cent,  of  lime.  Such  increase  represents,  of 
course,  a  larger  proportion  in  case  of  soils  poor  in  potash. 

(c.)  Effect  of  Magnesia: 

Looking  finally  to  the  effect  of  the  magnesia  as  shown  by  a  similar 
comparison  between  the  figures  from  Treatments  A  and  C,  the  "avail- 
able" potash  is  increased  from  6  to  92  pounds,  or  an  average  of  36 
pounds  per  million  of  soil.  In  general,  the  unlocking  or  liberating  of 
the  potash  seems  to  have  been  about  as  well  accomplished  by  the 
magnesia  as  by  the  lime.  The  ironstone  soil.  No.  I,  and  limestone 
clay,  No.  VII,  exhibited  the  most  marked  effects  from  the  magnesia 
treatment.  Nothing  in  the  composition  of  the  original  soil,  as  re- 
vealed by  the  analyses  made,  explains  its  greater  effect  upon  these 
soils. 

Taking  the  averages  for  the  nine  soils,  the  proportions  of  the  total 
potash  that  was  soluble  in  citric  acid  were:  In  the  original  soils,  5.5 
per  cent.;  in  the  fallow,  5.2  per  cent.;  in  the  limed,  6.3  per  cent.,  and 
those  receiving  magnesia,  6.3  per  cent. 

These  results,  therefore,  agree  with  those  of  Kellner,  viz:  That  both 
lime  and  magnesia  increase  the  available  potash  in  most  soils,  and 
that  the  magnesia  is  almost  equal  to  its  equivalent  proportion  of 
lime  in  producing  this  effect.  It  is  further  interesting  to  note  that 
this  increased  availability  resulted  from  the  action  of  magnesia  upon 
the  muck  as  well  as  upon  the  soils  less  richly  supplied  with  humus. 


The  Effect  upon  Soil  Phosphoric  Acid, 

Solubilities  of  Soil  Phosphates: 

The  phosphoric  acid  in  most  rocks  is  present  in  the  form  of  tricalcic 
phosphate,  a  lime  compound  that  is  somewhat  soluble  in  pure  water, 
and  much  more  soluble  in  water  saturated  with  carbonic  acid  gas. 
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Bretflchneider*  found  that  in  twenty-fonr  hours  at  ordinary  tempera- 
ture one  part  of  finely  precipitated  tricalcic  phosphate  required  87,832 
parts  of  water  to  dissolve  it,  but  only  13,181  parts  of  carbonic  acid 
water.  In  the  soil,  however,  a  very  large  proportion  of  the  phosphoric 
acid  is  present  in  the  form  of  phosphate  of  iron  (usually  ferric  phos- 
phate, for  the  most  part)  or  alumina.  The  iron  phosphate  is  much 
less  soluble,  the  same  investigator  having  found  that  one  part  of 
freshly  precipitated  ferric  phosphate  requires  for  its  solution  160,62r> 
parts  of  water,  or  146,570  parts  of  carbonic  acid  solution.  In  tho 
latter  case  it  is  seen  that  the  solvent  action  of  the  soil  water,  usually 
containing  considerable  carbonic  acid,  is  much  less,  as  compared  with 
pure  water,  than  it  is  in  case  of  the  lime  phosphate.  Fleischerf  has 
found  that  water  dissolves  from  freshly  precipitated  phosphate  of 
alumina  even  less  phosphoric  acid  than  it  takes  up  from  the  corres- 
ponding ferric  compound. 

JohnsonJ  remarks  that  drainage  waters  commonly  contain  phos- 
phoric acid  but  in  quantities  too  small  for  accurate  estimation. 

Availability  in.  Calcareous  Soils: 

If  the  soil  is  rich  in  lime  or  magnesia  it  is  thought  probable  that  a 
fair  share  of  the  phosphoric  acid  will  be  combined  with  it  and  be 
quite  readily  dissolved  by  the  plant  roots  and  soil  moisture;  if,  on  the 
contrary,  lime  and  magnesia  are  deficient,  the  phosphoric  acid  is 
doubtless  present  in  its  much  less  soluble  compounds  with  iroh  or 
alumina. 

Hllgard,§  in  his  study  of  the  cotton  soils  of  the  Southern  States, 
dwells  upon  this  point.  He  notes  that  less  than  0.05  per  cent,  of 
phosphoric  acid  soluble  in  strong  acids  is  a  notable  deficiency  unless 
accompanied  by  much  lime;  in  sandy  loams,  0.1  per  cent.,  with  a  fair 
supply  of  lime,  secures  a  fair  productiveness  for  eight  to  fifteen  years, 
but  with  a  deficiency  of  lime,  0.2  per  cent,  of  phosphoric  acid  is  re- 
quired to  produce  the  same  result.  Three  Louisiana  soils  are  cited 
as  illustrative  of  this  fact: 

(a)  Pine  woods  sub-soil  (Vernon  parish)  an  upland  soil  pro- 
ducing only  500  lbs.  of  seed  cotton  per  acre  for  a  few  years. 

(b)  Oak  and  hickory  red  sub-soil,  upland  (Sabine  parish),  pro- 
ducing 800  to  1,000  lbs.  when  fresh,  then  declining. 

(c)  Anacoco  prairie  soil  (Vernon  parish)  has  yielded  1,200  to 
1,500  lbs.  for  fifteen  years  and  is  still  doing  fairly  well. 

•Quoted  by  Storer,    Op.  dt.,  (4th  ed.),    I,   266-«. 
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The  observations  of  Gerlach,*  made  upon  artificially  treated  soils, 
show  that  the  phosphates  of  both  lime  and  magnesia  are  slowly 
soluble  in  water  and  completely  so  in  carbonated  water;  but  the  phos- 
phates of  iron  and  alumina  are  practically  insoluble  in  these  solvents 
and  only  incompletely  so  in  dilute  organic  acids. 

Lime  Attacks  Ferric  Phosphates: 

There  are  quite  a  large  number  of  observations  showing  that  the 
application  of  lime  to  soils  deficient  in  that  constituent  tends  to  in- 
crease the  availability  of  the  phosphoric  acid  present.  Thus,  De- 
h6rain,t  on  mixing  calcium  carbonate  with  ferric  phosphate  and 
treating  the  mixture  with  carbonic  acid  water,  found  much  tricalcio 
phosphate  in  the  solution;  if,  however,  lime  phosphate  was  mixed  with 
a  large  proportion  of  ferric  carbonate,  ferric  phosphate  was  formed. 

On  the  basis  of  this  latter  observation,  this  investigator^  suggests 
that  unless  such  considerable  quantities  of  lime  are  used  as  will  pre- 
dominate over  the  free  sesquioxids  of  iron  and  aluminum  in  the 
arable  layer  of  the  soil,  the  increased  solubility  of  the  soil  phosphates 
will  not  be  accomplished. 

Prof.  Millot§  observed  that  the  application  of  soluble  phosphates  to 
a  soil  in  the  Department  of  Loire-et-Cher  which  was  rich  in  iron  oxid, 
gave  a  benefit,  but  one  very  fieeting,  no  residual  effect  being  observed 
the  second  year;  the  subsequent  addition  of  marl  brought  an  increase 
in  yield  such  as  that  land  never  yields  except  with  a  good  dressing  of 
phosphate,  indicating  the  restoration  of  the  phosphoric  acid  to  an 
available  condition.    This  is  a  fair  type  of  many  such  observations. 


Phosphoric  Acid  in  Soils  Experimented  Upon: 

Turning  now  to  the  soils  taken  for  experiment:  The  amounts  of 
phosphoric  acid  contained  in  the  several  solutions  made  by  extraction 
of  these  soils,  were  determined,  in  the  strong  acid  and  water  solu- 
tions, by  Mr.  Norris,  and  in  the  citric  acid  solution  by  Mr.  Beistle.  In 
the  latter  solution,  the  results  are  somewhat  unsatisfactory  because 

•Ldw.   Ven.  Stat,  46,   201. 
tComptee  rendus,  46,   212. 
tTralt6  de  Cbimie  aerricole,  626. 
ihoceit. 
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of  the  difficulty  of  prefectly  removing  the  finest  particles  of  soil 
from  the  liquid,  so  that  the  phosphoric  acid  obtained  represents  that 
in  the  small  particles  of  soil  as  well  as  in  the  real  solution;  in  de- 
termining the  potash,  the  figures  for  which  have  already  been  pre- 
sented, the  chemical  methods  that  were  employed  threw  out  the  silt, 
which  was  not  practicable  in  determining  the -phosphoric  acid: 

TABLE  X— Phosphoric  Add  In  the  Orlgrinal  Soils.    (Per  C?ent.) 
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As  for  the  phosphoric  acid  soluble  in  strong  acid:  Hilgard's  av- 
erage from  46G  soils  from  the  humid  regions  of  this  country,  especially 
the  Southern  States,  is  0.113  per  cent.;  from  313  soils  from  the  arid 
regions,  0.117  per  cent.;  in  general,  clay  soils  were  considerably 
richer  than  sands.  In  view  of  these  averages,  most  of  the  above  soils 
are  fairly  well  supplied  with  phosphoric  acid,  Nos.  I,  II  and  V  con- 
taining least,  but  even  these  are  not  very  deficient. 

Deh^rain*  observes  that  in  estimating  the  sufficiency  of  the  phos- 
phoric acid  in  a  soil,  not  only  its  richness  as  exhibited  by  analysis,  but 
its  depth  must  be  considered  in  determining  the  need  for  phosphatic 
fertilizers.  Thus,  he  says,  M.  Nantier,  director  of  the  Agricultural 
Station  of  Somme,  found,  near  Amiens,  a  soil  containing  0.25  per  cent, 
of  phosphoric  acid,  of  which  much  was  available,  as  shown  by  the 
solubility  of  one-tenth  in  acetic  acid;  yet  a  phosphate  dressing  in- 
creased the  yield  per  acre  (French)  of  beets  from  28,500  to  45,000 
kilogrammes;  for  the  soil  was  only  from  six  to  eight  inches  deep,  and 
had  scarcely  more  available  phosphoric  acid  in  that  depth  of  soil  than 
one  crop  would  require.  lie  suggests  that  unless  a  soil  contains 
more  than  0.1  per  cent,  of  phosphoric  acid,  and  more  than  0.02  to  0.03 


*Trait6  de  Chim.  affxicole,  710-1. 
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per  cent,  of  available  phosphoric  acid,  with  such  depth  of  surface  soil 
that  the  amount  of  available  acid  therein  shall  not  be  less  than  about 
900  lbs.  per  acre,  phosphate  manuring  is  needed. 

Availability  of  the  Phosphoric  Acid: 

The  condition  in  which  the  phosphoric  acid  exists  in  the  several 
soils  is  evidently  very  different;  thus,  samples  II,  VI  and  VIII, 
despite  their  comparatively  high  proportion  of  phosphoric  acid,  con- 
tain very  little  that  is  soluble  in  water,  even  less  than  III,  which  con- 
tains so  much  less  of  phosphoric  acid  as  a  whole.  In  No.  I,  which  con- 
tains the  least  of  all,  there  is  the  largest  proportion  of  the  phosphoric 
acid  soluble  in  water. 

Considering  the  total  available  phosphoric  acid  as  indicated  by  the 
proportion  in  the  entire  soil  soluble  in  citric  acid,  the  muck  is  richest 
and  the  red  shale  clay,  IX,  next,  while  the  ironstone,  I,  contains  least. 
Only  I,  III  and  IV  contain  less  than  0.01  per  cent.,  the  figure  fixed  by 
Dyer  as  indicating  need  of  immediate  phosphate  application. 

Phosphoric  Acid  in  Soils  After  Treatment: 

The  effects  of  liming  and  application  of  magnesia  upon  the  avail- 
ability of  the  phosphoric  acid  are  shown  in  the  following  table: 
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While  differences  in  the  total  phosphoric  in  the  original  soil  and 
the  corresponding  treated  soils  are  observed,  just  as  was  the  case 
with  potash,  the  general  relations  are  the  same  in  both  the  original 
and  treated  soils. 

(a.)  Effect  of  Fallowing: 

Comparing  the  original  and  the  fallow  soils,  as  regards  the  propor- 
tion of  the  phosphoric  acid  in  available  condition,  the  latter  shows 
an  invariably  smaller  proportion  than  the  former;  this  is  not  always 
very  marked,  but  in  some  cases,  such  as  III,  V,  VI,  VII,  VIII  and  IX, 
for  instance,  the  decrease  is  considerable. 

(b.)  Effect  of  Liming: 

Compared  with  the  fallowing,  the  treatment  with  lime  results  in 
a  larger  availability  of  the  phosphoric  acid  than  where  soil  lies 
fallow,  except  in  the  case  of  II;  it  is  possible  that  a  predominance 
of  iron  and  alumina  in  the  latter  soil  may  account  for  this,  but  as  no 
determinations  of  iron  and  alumina  were  made,  it  is  not  certain 
that  this  is  the  correct  explanation.  On  the  muck,  the  liming  seemed 
not  to  have  caused  any  increase  in  the  availability  of  the  phosphoric 
acid  or  to  have  entirely  prevented  a  decrease;  the  greatest  increases 
occurred  in  soils  IV,  V  and  IX. 

(c.)  Effect  of  Applying  Magnesia: 

Considering  the  effect  of  magnesia,  its  general  tendency  was  to  act 
as  powerfully,  at  least,  as  lime.  Indeed,  if  we  may  form  an  estimate 
of  the  influence  of  the  different  treatments  upon  the  availability  of 
phosphoric  acid,  the  following  averages  will  be  suggested:  Of  the 
total  phosphoric  acid,  the  citric  acid  took  from  the  nine  soils  by 
Treatment  A,  9.7  per  cent.;  by  Treatment  B,  12.5  per  cent.;  by  Treat- 
ment C,  14.0  per  cent.  While  inference  from  averages  is  not  always 
safe,  it  does  not  seem  that  lime  acted  in  these  cases  more  effectively 
than  magnesia;  in  soils  V,  VIII  and  IX  the  increase  with  magnesia 
was  much  the  greater,  while  IV  showed  a  considerably  less  effect 
than  with  lime.  As  in  the  ease  of  lime,  soils  n  and  VI  alone  failed 
to  show  a  marked  increase  in  the  availability  of  the  phosphoric  acid. 

Influence  upon  Subsequent  Application  of  Phosphates: 

There  is  another  important  consideration  in  the  use  of  lime,  viz: 
Its  influence  upon  the  immediate  availability  and  upon  the  duration 
of  effect  of  phosphatic  fertilizers  applied  to  a  limed  soil. 

Reversion  of  Phosphoric  Acid  in  Fertilizer: 

It  is  a  well-known  fact  that  in  the  manufacture  of  superphosphates, 
if  the  soluble  phosphoric  acid,  or  rath'^r  watw-soluble  phosphate^Tp 
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formed  by  the  action  of  sulfuric  acid  upon  tricalcic  phosphate,  the 
so-called  ^*bone  phosphate  of  lime,"  be  brought  into  contact  with 
wood  ashes,  lime  or  even  fresh  portions  of  raw  phosphates,  the  soluble 
compounds  will  be  wholly  or  in  part  reverted  or  reconverted  into 
tricalcic  phosphate,  differing  from  the  original  only  in  being  more 
finely  sub-divided  than  is  possible  by  a  purely  mechanical  process. 
The  chemically  precipitated  phosphate  is  much  more  soluble  than 
that  occurring  in  nature;  thus,  Warington*  found  that,  at  ordinary 
temperatures,  there  were  required  of  water  saturated  with  carbonic 
acid  gas,  to  dissolve  one  part  of  pure  precipitated  tricalcic  phos- 
phate, 1,789  parts;  to  dissolve  one  part  of  the  phosphate  of  lime  in 
bone  ash,  6,788  parts.  Voelckerf  found  that  4,900  parts  of  water 
dissolve  one  part  of  pure  precipitated  tri-magnesia  phosphate,  while 
12,610  parts  were  required  for  similarly  prepared  tricalcic  phosphate. 

Reversion  in  Soil : 

Now,  it  is  clear  that  very  shortly  after  their  introduction  into  the 
soil,  soluble  phosphates  must  be  converted  into  less  soluble  com- 
pounds, whether  of  lime,  magnesia,  iron  or  alumina,  unless  the  soil 
be  one  containing  neither  the  earthy  carbonates  nor  the  oxids  of  iron 
and  aluminum.  Such  soils  are  very  rare.  FarskyJ  found  that  in 
twenty-four  hours,  over  60  per  cent,  of  the  water-soluble  phosphoric 
acid  of  acid  phosphate  applied  to  a  certain  soil  had  lost  its  capacity 
of  solution  in  water.  In  such  cases  the  principal  advantage  of  acidu- 
lation  of  the  phosphate  must  be  found  in  its  more  thorough  dissemina- 
tion in  the  soil  and  in  the  finer  state  of  subdivision  obtained  than  can 
be  secured  by  the  mechanical  pulverization  and  stirring  in  of  raw 
phosphates.  • 

In  Non-Ferruginous  Sandy  Soils  and  Peats: 

In  non-ferruginous  sands  and  peaty  soils,  the  addition  of  lime 
would  result  in  a  quicker  conversion  to  less  soluble  form,  of  any  acidu- 
lated phosphate  later  applied.  In  the  absence  of  lime,  this  "fixation" 
would  not  occur  and  while  the  soluble  phosphate  could  be  some- 
what more  promptly  taken  up  by  the  plant,  it  is  far  more  likely  to 
lose  by  leaching  and  to  cause  injury  to  the  crop  by  over-concentra- 
tion. Soils  that  are  artificially  deprived  of  basic  material  by  action 
of  strong  acids,  exhibit  a  similar  inability  to  "fix"  phosphoric  acid. 

In  Ferruginous  Soils: 

In  the  absence  of  lime  or  magnesia,  there  is  a  tendency  to  imme- 
diate union  with  iron  oxid  or  alumina,  with  the  result  of  an  almost 

•  Of  Btorer.  I,  Ses. 

tLoc.  dt, 

|R«p.  Pa.  Acr.  Szp.  SUtloa.  Ua7. 

Digitized  by 


Google 


No.  21.  THE  PENNSYLVANIA  STATE  COLLEGE.  107 

immediate  loss  of  availability.  It  is,  therefore,  urged  in  behalf  of 
lime  and  magnesia  that  their  presence  results  in  a  far  greater  dura- 
tion of  effect  from  superphosphates  than  could  otherwise  be  secured; 
and  their  application  to  a  non-calcareous  soil  must  greatly  increase 
the  value  of  later  applications  of  soluble  phosphates  as  well  as  in- 
crease the  availability  of  the  phosphatic  compounds  already  present 
in  the  soil. 

Kellner,  Sakano,  Sato  and  Shinjo*  found  that  lime  added  to  a  deep, 
yellow  sub-soil  of  an  irrigated  held  did  not  prevent  the  quick  conver- 
sion of  a  subsequently  applied  dressing  of  water-soluble  phosphate 
into  a  form  not  capable  of  solution  in  neutral  ammonium  citrate. 
This  may  have  been  because  the  quantities  of  lime  applied  (equiva- 
lent to  from  0.25  to  5.0  per  cent,  of  the  soil)  may  not  have  equalled  the 
oxids  of  iron  and  alumina  present.  On  a  **paddy''  soil  of  the  same 
geological  origin,  but  rich  in  organic  matter,  the  lime  retarded  the 
formation  of  the  insoluble  phosphates,  especially  where  the  propor- 
tion of  lime  was  over  1  per  cent,  of  the  air-dry  soil.  Kellner  believes, 
however,  that  the  humus  of  the  paddy  soil  is  useful  in  accomplishing 
part  of  this  retardation. 

In  Calcareous  Soils: 

Voelckerf  notes  that  heavy  dressings  of  rich  superphosphates  are 
not  nearly  so  valuable  on  the  sandy  soils  of  England  as  on  calcareous 
soils. 

Choice  of  Phosphates  for  Different  Soils: 

Deh^rainJ  urges  that  long  cultivated  soils  are  those  for  which 
soluble  phosphates  are  best  adapted.  On  old,  non-calcareous  soils 
he  regards  the  basic  slag  phosphates,  which  themselves  contain  lime 
in  caustic  or  carbonate  form,  as  preferable;  and  only  on  old  grass 
Uinds  newly  cultivated  or  on  virgin  soils  rich  in  organic  matter  does 
he  recommend  the  tibial  of  non-acidulated  phosphates.  Bernard,§ 
opon  the  basis  of  numerous  observations  as  well  as  upon  theoretical 
considerations,  strongly  advocates  the  same  selection. 

Liming  Incompatible  with  Use  of  Non-Acidulated  Phosphates: 

Speaking  of  the  use  of  lime  with  raw  phosphates,  Deh^rain**  ob- 
serves that  the  latter  should  never  be  used  simultaneously  with  lime, 
since  the  latter  will  prevent  the  solvent  action  of  organic  acids  upon 
the  phosphates.  In  France,  where  non-acidulated  bone-black  used  to 
be  employed  as  a  fertilizer,  it  was  found  to  yield  no  benefit  eitlK*- 

•Bulletin  No.  9,  College  of  Agriculture.  Toklo.  Japan;  Exp.  Sta.  Record,  2,  764-6. 
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with  or  after  a  liming;  if,  however,  the  liming  follows  a  year  later,  an 
increase  in  the  efficiency  of  the  phosphoric  acid,  by  that  time  partially 
changed  to  the  iron  and  aluminum  compounds,  was  exhibited,  from 
causes  already  explained.  These  remarks  apply  better  to  raw  lime 
phosphates  than  to  those  of  iron  or  alumina. 

Fixation  by  Magnesia: 

Kellner*  claims  for  magnesia  also  a  strong  influence  in  retarding 
the  reversion  of  phosphates  in  the  soil. 


Influence  of  Lime  upon  the  Weathering  of  Rocks, 


Double  Silicates  Influence  Soil  Retentiveness: 

In  discussing  the  etfect  of  lime  as  a  liberator  of  potash  in  the  soils, 
it  was  noted  that  among  the  minerals  most  largely  attacked  were 
the  hydrous  double  silicates  of  potash  and  alumina.  The  investi- 
gators mentioned  in  that  connection  have  found  that,  commonly,  an 
excess  of  a  potash  salt  or  ammonium  salt  is  capable,  when  iqtroduced 
into  a  soil  containing  a  hydrous  double  silicate  of  lime  and  alumina 
of  displacing  the  lime  and  leaving  the  potash  or  ammonia  fixed  in 
the  silicate.  It  is  obvious  that  the  presence  of  a  goodly  proportior 
of  such  double  silicates  must  contribute  very  lai'gely  to  that  store  oi 
fertility  which,  if  not  at  once  fully  available,  comes  into  activity  in 
response  to  good  tillage  and  enables  the  soil  to  withstand  the  drain 
of  heavy,  continuous  cropping;  and,  also,  to  the  ability  of  the  soil  to 
take  up  and  retain  in  fairly  available  form,  without  undue  waste  by 
leaching,  such  heavy  dressings  of  potash  and  ammonium  compounds 
as  it  may  receive — a  property  often  lacking  in  lighter  soils. 

Lime  Promotes  Weathering  and  Formation  of  Double  Silicates: 

Numerous  investigajtions  show  both  directly  and  indirectly  that  lime 
greatly  promotes  the  weathering  of  minerals;  thus,  making  their 
constituents  available  to  the  plant,  and  especially  contributes  to  the 
formation  of  this  valuable  class  of  soil  components,  the  double  sili- 
cates. A  little  of  the  evidence  bearing  particularly  upon  this  latter 
point  may  be  of  interest. 

Hydraulic  cements  are  found  to  contain  large  quantities  of  hydrous 
double  silicates  of  lime  and  alumina;  the  setting  under  water  is  at- 
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tributed  to  the  formation  of  crystals  of  these  compoundB  as  they 
complete  their  hydration.  These  cements  can  be  artificially  made 
by  mixing  certain  clays  of  volcanic  origin,  or  burned  clays  with  moist 
lime.  Many  clays  which  themselves  show  little  tendency  to  be  acted 
upon  by  hydrochloric  acid,  as  the  hydrous  double  silicates  readily 
are,  are  largely  decomposed  by  it  after  having  been  exposed  for  a 
week  or  two  to  the  action  of  milk  of  lime. 

Storer*  notes  the  fact  that  old  mortars  are  often  found  to  contain 
notable  quantities  of  hydrous  silicates,  so  that  caustic  lime  must  be 
able  to  attack  even  the  strongly  resistant  grains  of  sand.  In  the  same 
connection,  he  presents  the  results  of  experiments  by  Stockhardt 
proving  that  lime  attacks  powdered  quartz  as  well  as  gelatinous 
silica,  forming  a  hydrous  lime  silicate,  and  that  it  also  decomposes 
powdered  feldspar — a  mineral  which  resists  the  action  of  strong  acids. 
Liming  is  said  to  be  especially  efficacious  upon  such  clays  as  contain 
broken  but  undecomposed  fragments  of  feldspar. 

By  this  increase  of  weathering,  therefore,  not  only  is  the  amount  of 
free  potash  made  more  abundant,  but  the  retentiveness  of  the  soil 
and  its  durability  are  at  the  same  time  enlarged. 

Indeed,  numerous  laboratory  experiments  show  that  many  soils 
gain  greatly,  by  admixture  of  lime  or  lime  carbonates  or  other  of  its 
salts,  in  their  power  to  fix  potash,  soda,  ammonia,  etc. 

It  is,  furthermore,  evident  that  the  liming  of  sandy  soils,  especially 
of  those  largely  made  up  from  minerals  other  than  quartz,  in  addi- 
tion to  any  value  it  gives  in  a  direct  contribution  to  the  food  supply 
in  the  soil,  must  also  tend  to  secure  a  most  important  benefit  in  in- 
creased retentiveness  for  added  fertility,  a  property  in  which  such 
soils  are  very  deficient. 

Importance  of  Lime  in  Clay-Burning: 

The  expensive  process  of  clay-burning  so  much  used  upon  certain 
soils  of  England  and  Germany,  a  few  decades  since,  was  unproductive 
of  any  beneficial  results,  Lloyd  states,  unless  lime  was  present  in  the 
clay.  Storert  asserts,  however,  that  all  plastic  clays  are  benefitted 
in  texture  if  properly  burned,  but  that  those  containing  lime  are 
most  benefitted.  Voelckert  found  that  a  clay  containing  31.38  per 
cent,  of  calcium  carbonate  and  58.62  per  cent,  of  real  clay  gave  the  fol- 
lowing results,  in  terms  of  the  entire  soil : 

•Op.  eit.  n.  150. 
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Before  bumlnff,  .... 
Moderately  roasted, 
Properly  roasted,  .. 


P«r  cent.  Per  cent. 
44  I  0.S5 
49  0.77 
64  ' 
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Similar  results  were  obtained  on  other  soils  by  other  investiga- 
tors. Undoubtedly,  therefore,  one  of  the  most  important  beneficial 
results  from  this  treatment  is  found  in  tho  increased  proportion  of 
alkaline  silioates  and  more  highly  available  potash  in  the  soil. 


Reactions  upon  the  Soluble  Salts  of  Potash  and  Soda. 

Potash  and  soda  are  contained  in  soils  not  alone  in  the  form  of 
anhydrous  and  hydrous  silicates,  but  also  to  a  greater  or  less  extent 
in  the  form  of  soluble  salts.  Upon  this  class  of  compounds,  as  well 
as  the  former,  lime  reacts  with  important  results. 


Lime  and  Salt  Composts : 

The  use  of  salt  with  lime  in  composting  peat  and  other  vegetable 
matters  has  been  largely  practiced.  The  lime  decomposes  the  salt, 
forming  calcium  chlorid  and  caustic  soda;  the  latter  of  the  two 
resulting  compounds  being  the  more  readily  diffusible,  separates  in 
a  porous  compost  from  the  chlorid  and  reacts  more  powerfully  than 
caustic  lime  in  decomposing  the  vegetable  matter.  Prof.  S.  W. 
Johnson*  found  a  compost  of  peat  and  ashes,  with  lime  in  one  case, 
and  lime  and  salt  in  another,  gave  crops  of  popcorn  of  43.22  and  46.42 
grammes  weight  respectively,  showing  the  superior  activity  of  the 
latter  agency  for  decomposition. 

Storerf  suggests  that  this  may  afford  a  possible  explanation  for 
certain  exceptionally  good  results  obtained  from  dressings  of  salt  ap- 
plied to  limestone  soil,  the  soda  compound  formed  in  this  case  being 
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the  carbonate,  however,  rather  than  the  hydrate,  or  caustic  soda.    A 
similar  reaction  would  take  place  with  potash  salts. 

Lime  as  a  Preventive  Against  Incrustation: 

Heinrich*  notes  than  a  frequent  consequence  of  heavy  applica- 
tions of  soluble  fertilizers  (kainit,  nitrate  of  soda,  etc.)  to  the  soil 
is  the  formation  of  troublesome  crusts  upon  the  surface  that  are  only 
temporarily  remedied  by  cultivation,  the  next  rain  being  followed 
by  a  reappearance  of  the  crust.  The  simultaneous  use  of  lime,  prefer- 
ably in  the  form  of  carbonate,  with  such  fertilizers,  is  recommended 
by  him  as  a  very  excellent  preventive  against  the  incrustation. 

Ldme  and  calcareous  marls  have  also  been  found  valuable  as  cor- 
rections for  the  white  alkali  soils  of  the  arid  regions  of  the  west,  when 
these  soils  contain  much  of  the  sulfate  or  chlorid  of  magnesium  an<^» 
similar  salts. 

Excess  of  Alkaline  Hydrates  and  Carbonates  May  Work  Injury: 

It  may  easily  happen,  however,  that  the  alkaline  hydrates  or  car- 
bonates that  prove  such  valuable  aids  in  decomposing  humus,  may 
occur  in  such  excess  as  to  cause  decided  injury.  It  is  a  well  estab- 
lished fact  that  these  materials  have  an  influence  upon  the  texture  of 
clay  soils  opposite  to  that  of  lime,  causing  such  a  soil  to  puddle, 
become  plastic  and  remain  moist.  Even  on  light,  sandy  soils,  heavy 
dressings  of  wood  ashes  have  produced  such  a  degree  of  coherence 
between  the  particles  as  to  make  plowing  a  difficult  matter.  In  the 
"black  alkali"  soils  of  California,  Hilgardf  has  found  large  quantities 
of  sodium  carbonate  and,  in  consequence  of  its  influence,  these  soils 
are  most  refractory;  furthermore,  in  the  great  excess  in  which  the 
salt  is  present,  it  seems  to  work  corrosively  upon  the  vegetation  that 
starts  growth  upon  these  soils. 

It  is  entirely  possible,  therefore,  that  the  reactions  between  the  al- 
kaline salts  and  lime,  either  the  hydrate  or  carbonate,  that  occur 
when  large  dressings  of  lime  are  applied  to  lands  heavily  impregnated 
with  these  salts,  or  when  the  latter  are  applied  in  large  quantities  to 
clay  lands  rich  in  calcium  carbonate,  may  produce  so  large  quanti- 
ties of  the  sodium  or  potassium  hydrates  or  carbonates  as  to  work 
injury.  Indeed^  HeinrichJ  states  that  he  has,  in  two  instances,  ob- 
served injurious  results  from  the  application  of  marl  (used  because 
of  the  calcium  carbonate  it  contains),  once  upon  land  in  whose  neigh- 
borhood a  deposit  of  salt  was  later  discovered,  and  once  upon  soil 
that  had  received  heavy  applications  of  sewage,  which  is  always  rich 
in  common  salt. 
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Lime  Corrects  Harmful  Influence  of  Ferrous  Salts: 

There  are  often  found  in  such  soils  as  are  shut  off  from  free 
access  of  air,  such  as  stiff  sub-soils  and  undrained  swamps  and 
moors,  ferrous  compounds  produced  probably  by  the  reduction 
of  ferric  salts  or  ferric  oxids  and  hydrates.  Even  after  swamps  and 
marshes  have  been  reclaimed,  it  is  probable  that  in  the  presence  of  the 
large  amounts  of  organic  matter  such  lands  contain,  there  can  not 
be  an  immediate,  complete  oxidation  of  such  compounds  to  ferric 
forms.  Maercker*  asserts  that  the  presence  even  of  considerable 
quantities  of  ferrous  oxid  does  not  necessarily  render  moor  earth 
uncultivable,  so  long  as  the  iron  remains  in  insoluble  combinations, 
such  as  a  double  ferrous  and  calcic  humate,  for  example. 

While  it  is  true  that  the  humates  and  ulmates  of  iron  are  nearly 
insoluble  in  water,  Mulderf  found  the  ferrous  compounds  of  apoc- 
renic  and  crenic  acids  to  be  soluble.  Since,  therefore,  the  latter 
compounds  are  likely  to  occur  in  sub-soils  and  marshy  lands,  it  is 
not  improbable  that  a  part  of  the  marked  infertility  of  fresh  turned, 
yellow  clay  sub-soils  and  of  recently  drained  marsh  lands  is  due  to 
these  compounds  as  well  as  to  the  sulfates,  whose  action  will  be  dis- 
cussed later. 

The  cause  of  their  injurious  effect  is  not  fully  understood.  The 
more  commonly  accepted  theory  attributes  the  ill  effect  to  the 
avidity  with  which  they  take  up  oxygen,  robbing  the  plant  roots  of 
their  requisite  supply. 

If  such  soils  be  limed,  the  iron  is  thrown  down  in  an  insoluble 
form  and  may  then  be  slowly  oxidized  without  working  so  grea^ 
Injury  to  vegetation. 


Lime  Corrects  Soil  Acidity: 


Formation  of  Sulfids  in  Soils: 

In  discussing  the  sources  of  the  lime  present  in  our  limestone 
formations,  mention  was  made  of  the  fact  that  in  the  waters  of  certain 
springs  and  in  the  mud  of  the  sea  bottoms,  calcium  sulfate  is  being 
constantly  reduced  to  the  form  of  sulfid,  largely  through  the  agency 
of  living  organisms.      A  similar  reduction  of  the  sulfate  of  lime 
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and  ferrous  sulfate  occurs  when  they  are  in  contact  with  large  pro 
portions  of  decomposing  organic  matter.  Deh^rain,*  applying  gyp- 
sum (sulfate  of  lime)  to  soils  of  varying  richness,  found  after  a  month 
that  from  a  soil  moderately  rich  in  organic  matter,  0.55  gr.  of  sulfuric 
acid  had  disappeared,  from  a  soil  containing  more  humus,  0.100  gr., 
and  from  a  marsh  soil,  0.347  gr. 

Sulfids  Often  Oxidize  to  Injurious  Sulfates: 

These  sulfids  sometimes  decompose,  under  the  influence  of  carbonic 
acid,  with  the  formation  of  the  corresponding  carbonates,  the  sulfur 
going  off  in  the  form  of  sulfuretted  hydrogen..  But  in  many  marshes, 
bogs  and  moors  they  accumulate,  the  iron  sulfid  in  particular. 

These  sulfids  appear  to  be  directly  injurious  to  plants,  but  it  is 
probable  that  a  large  part  of  the  damage  they  work  is  due  to  the 
sulfuric  acid  and  fferrous  sulfates  they  form  when  oxidized.  For 
Farskyt  has  shown  that  the  direct  addition  to  free  sulfuric  acid  to 
soils  is  injurious  to  vegetation,  and  Muldert  found  that  humic  acid  lib- 
erates sulfuric  acid  from  ferrous  sulfate. 

Occurrence  in  Marsh  Lands: 

In  the  reclamation  of  the  sea  bottoms  practiced  in  Holland,  the 
injurious  action  of  sulfids  and  sulfates  has  been  experienced  and  it 
doubtless  occurs  to  some  degree  in  all  cases  of  reclamation  of  tide- 
water marshes,  and  of  the  bottoms  of  quiet  pools  and  dams.  It  is 
noted,  in  the  management  of  the  old  Acadian  dyke-lands  of  Nova 
Scotia,  which  are  flooded  every  few  years  and  then  again  drained, 
that  after  such  renovation  the  lands  remain  almost  entirely  unpro- 
ductive for  a  year  or  two.  It  is  possible  that  this  is  due  in  part  to  the 
sulfids,  as  well  as  to  the  sea  salts  taken  up  by  the  earth. 

Occurrence  Below  Coal  Strata: 

There  are  many  limited  areas  in  Pennsylvania  lying  just  below  and 
receiving  the  leachings  from  the  coal  outcrops  and  the  contiguous 
slate  strata,  that  are  almost  wholly  unproductive  because  of  the 
ferrous  sulfate  and  sulfuric  acid  formed  by  the  oxidation  of  the  iron 
pyrites  in  the  coal  and  slate  and  seeping  into  these  lower  soils. 

Injuries  by  Mine  Water: 

There  are  also  in  our  State  hundreds  of  acres  of  once  fertile  river 
and  creek  bottom  lands,  through  which  pass  streams  receiving  mine 
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waters  charged  with  free  acid,  ferrous  sulfate  and  pyrites-containing 
culm,  that  have  become  sterile  because  of  deposits  of  the  culm  upon 
their  surface  and  the  percolation  of  the  acid  waters  into  their  pores 
Even  where  the  layer  of  culm  is  not  heavy,  the  sulfates  and  acids  form- 
ed from  the  pyrites  often  prove  wholly  destructive  to  all  valuable  vege- 
tation, wild  blackberries,  dewberries  and  certain  weeds  taking  the 
place.  Coming  upon  light,  sandy  alluvium  not  very  rich  in  lime  or 
magnesia  at  the  outset,  such  deposits  work  an  injury  that  is  per- 
manent through  many  years,  and  sometimes  utterly  destructive  if 
the  land  be  left  to  the  corrective  action  of  natural  agencies. 

Lime  as  a  Corrective : ' 

If,  howe\5(er,  lime,  either  in  the  caustic  condition  or  as  carbonate,  be 
applied  to  such  lands,  the  free  acid  is  at  once  neutralized  and  the 
ferrous  salt  soon  decomposed  into  harmless  compounds,  and  even 
the  pyrites  more  rapidly  converted  into  non-injurious  ferric  oxid  and 
calcium  sulfate.  Magnesium  hydrate  or  carbonate  would  also 
promptly  neutralize  the  free  acid  and  decompose  the  ferrous  salts. 

Such  dressings  of  lime  might  not  be  very  effective,  however,  in  case 
of  lands  injured  by  mine- water,  if  the  acid  water  were  constantly 
rising  by  percolation  from  the  sub-soil,  or  if  the  surface  soil  were  so 
situated  as  to  receive  frequent  and  large  deposits  of  culm. 

• 
Litmus  Test  for  Soil  Acidity: 

If  the  "burning"  and  partial  or  entire  failure  of  good  grasses,  clover, 
and  cereals  upon  the  soil  and  the  substitution  of  the  characteristic 
vegetation  above  mentioned,  is  not  an  entirely  conclusive  proof  of  the 
nature  of  the  injury,  a  direct  chemical  test  may  be  made  to  determine 
whether  or  not  the  soil  is  acid.  It  must  be  frankly  admitted  that  the 
existing  tests  used  for  this  purpose  are  not  as  delicate  and  conclusive 
as  is  desired,  owing,  in  large  measure,  to  the  action  of  the  carbonic 
acid  which  is  to  some  degree  present  in  the  air  and  moisture  of  most 
soils;  consequently,  the  detection  of  slight  acidity  is  a  matter  of  un- 
certainty even  when  the  test  is  applied  by  an  experienced  chemist. 

The  litmus  test  is  one  applicable  to  soils  devoid  of  humus  as  well 
as  to  those  rich  in  that  constituent.  Litmus  is  a  vegetable  dye  which 
turns  to  a  very  pronounced  blue  tint  in  alkaline  solution,  and  to  a 
bright  to  pinkish  red  in  acid  solution.  It  is  most  conveniently  ap- 
plied by  means  of  strips  of  paper  dyed  with  the  coloring  matter.  A 
few  cents'  worth  of  the  blue  litmus  paper  should  be  purchased  from 
the  druggist,  and  with  as  little  handling  as  possible,  placed  in  a 
stoppered  or  "corked  bottle  and  kept  in  the  dark,  because  sunlight 
causes  the  tints  to  fade.  The  most  satisfactory  method  proposed  for 
applying  this  test  is  that  of  Dr.  H.  J.  Wheeler:*    "A  tablespoonful 
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or  more  of  soil  is  placed  in  a  tumbler  or  cup  and  moistened  with  suf- 
ficient water  to  make  the  mass  of  about  the  consistency  of  thick  paste; 
allow  it  to  stand  for  fifteeu  to  twenty  minutes  before  making  the 
test.  With  a  knife-blade  part  the  soil  and  insert  one  end  of  a  strip  of 
the  paper,  press  the  soil  about  the  paper  and  after  two  to  five  minutes 
remove  the  paper  without  tearing  it; 'rinse  off  the  adhering  soil  with 
water  and  note  whether  it  still  retains  a  blue  tint  or  has  become  posi- 
tively red.  If  the  soil  has  a  reddish  tint,  it  may  be  better  to  bring 
but  one  side  of  the  paper  into  contact  with  it,  and  if  a  red  color  comes 
through  to  the  other  side  it  may  be  concluded  that  the  soil  is  acid. 
Care  muet  be  taken  not  to  handle  the  end  of  the  paper  used  in  making 
the  test,  since  the  touch  of  the  fingers  may  redden  it.''  Fresh-boiled 
and  cooled  rain  water  is  best  employed  for  moistening  the  soil.  If 
there  be  much  carbonic  acid  in  the  soil  moisture,  a  permanent  wine- 
red  color  may  be  obtained;  but  this  is  not  indicative  of  injurious 
acidity.  If  a  drop  of  very  dilute  vinegar  be  brought  upon  the  paper, 
it  will  give  the  kind  of  tint  that  an  acid  soil  imparts,  though  the  latter 
Is  often  fainter.  Any  soil  giving  this  tint  needs  an  alkaline  treat- 
ment; if  the  acidity  is  very  slight,  it  may  be  temporarily  corrected 
by  use  of  well-rotted  stable  manure,  but  if  considerable,  requires  the 
more  powerful  and  permanent  action  of  lime,  caustic  or  carbonate. 

Acidity  from  Fertilizers: 

It  sometimes  happens  that  an  acid  phosphate  applied  to  a  non- 
calcareous  soil,  or  in  large  quantities,  to  one  moderately  rich  in  lime 
or  magnesia,  or  upon  very  dry  soil,  or  with  very  imperfect  admixture 
with  the  soil  owing  to  the  manner  of  application,  produces  a  tempo- 
tiry  acidity  in  the  neighborhood  of  the  germinating  seed  or  young  cut- 
tings, with  the  result  that  they  are  "burned''  and  often  killed.  On 
highly  calcareous  soils  or  on  such  as  have  recently  received  a  moderate 
dressing  of  lime,  such  injury  is  far  less  frequent.  Also,  there  was 
placed  upon  the  market,  about  twenty  years  ago,  an  imperfectly  pre- 
pared sulfate  of  potash,  which  was  really  an  acid  sulfate  of  potash; 
it  wrought  injury  in  the  same  way.  There  is  little,  if  any,  of  this 
preparation  now  on  sale,  as  a  very  simple  method  of  preparing  a 
safe  product  from  the  imperfect  material  has  been  discovered. 

Acidity  Caused  by  Selective  Absorption  of  Bases  by  Plants: 

A  third  cause  affecting  the  soil  reaction  is  found  in  the  power 
which  plants  possess  of  selective  absorption  of  the  base  or  acid  of  a 
salt,  leaving  in  the  soil  the  unabsorbed  residue.  There  are  several 
views  as  to  the  point  at  which  the  decomposition  of  the  salt  actually 
occurs,  but  the  fact  of  such  selective  absorption  is  thoroughly  es- 
tablished.   This  was  first  noted  by  Stohmann  and,  later,  Kfihn* 
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found  that  upon  growing  maize  in  solutions  containing  ammonium 
chlorid,  the  ammonia  was  absorbed,  leaving  a  residue  of  hydrochlorio 
acid  in  the  liquid  that  accumulated  to  such  strength  as  to  kill  the 
plants.  In  other  cases,  such  as  those  of  tri-calcium  phosphate  or 
sodium  nitrate,  the  plant  tends  to  use  more  of  the  acid  than  of  the 
base,  leaving  the  latter  in  the  soil.  Adolph  Mayer*  groups  the  more 
important  fertilizer  compounds  according  to  their  result  upon  soil 
reaction  as  follows: 

Neutral:  Calcium  sulfate  (gypsum),  magnesium  sulfate,  sodium 
chlorid  (common  salt),  superphosphate  and  potassium  nitrate. 

Acid:  Potassium  chlorid  (muriate  of  potash),  ammonium  sulfate, 
potassium  sulfate  and  German  potash  salts  in  general. 

Basic  or  alkalins:  Calcium  carbonate,  wood  ashes,  caustic  lime, 
potassium  carbonate,  undissolved  calcium  phosphate,  sodium  nitrate 
(nitrate  of  soda)  and  bone  meal. 

The  kind  of  selection  made  varies  also  with  the  plant;  thus,  wheat 
and  clover  grow  with  roots  intermixed,  yet  the  former  takes  up  more 
of  silica  than  any  other  ash  constituent,  while  clover  retains  little  of 
thi©  acid  compound  but  accumulates  the  bases,  lime  being  the  most 
characteristic. 

It  must  not  be  inferred  from  the  foregoing  statements  that,  given 
a  sufficiency  of  food  supply,  the  plant  is  wholly  uninfluenced  in  its 
ash  composition  by  the  nature  of  the  soluble  materials  in  the  soil, 
for  all  plants  seem  to  take  up,  under  such  circumstances,  an  excess 
of  the  soluble  salt  without  making  any  use  of  it  in  tissue  formation. 

Acidity  from  Humus: 

A  fourth  and  the  most  general  cause  of  soil  acidity  is  the  acid 
humus  resulting  from  the  decay  and  slow  oxidation  of  the  vegetable 
matter,  leaves,  stubble,  roots,  inverted  sod  or  green  manures  in  the 
soil.  The  formation  of  the  common  plant  acids,  oxalic,  tartaric, 
citric,  etc.,  is  the  result  of  oxidations  within  the  plant.  Sugar, 
starch,  gums  and  woody  matters  form,  under  the  action  of  oxidizing 
chemicals  or  ferments,  acetic,  lactic,  saccharic,  mucic  and  oxalic 
acids;  and  when  the  same  substances  are  acted  upon  by  boiling  hydro- 
chloric acid  or  strong  potash  lye,  brown  or  black  substances  are 
formed  closely  resembling  those  that  are  extractable  by  the  aid  of 
alkalies,  caustic  or  carbonated,  from  most  soils,  and  separable  from 
these  extracts  w^hen  the  latter  are  made  slightly  acid.  When  thor- 
oughly washed,  these  precipitates  are  found  to  be  distinctly  acid 
and  capable  of  decomposing  some  mineral  salts.  The  acid  from 
dark  peat  is  almost  black  in  color  and  is  called  Immic  acid;  that 
from  brown  peats  and  ordinary  soils  is  commonly  brown  and  is  termed 
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ulmic  add;  there  are  other  more  highly  oxidized  acids  present,  but 
more  difllcultly  separable,  known  as  apocrenic  and  erenic  acids,  and 
many  others  are  present  in  minute  quantities.  It  is  very  doubtful 
whether  the  true  nature  of  these  acids  of  the  humus  has  yet  been 
ascertained,  since  their  separation  in  a  pure  state  is  very  difficult. 
Fremy,*  on  the' basis  of  its  composition  and  solubility  in  alkaline 
carbonate  solutions,  believes  humus  to  be  derived  from  the  ligneous 
matter  or  vasculose^  as  he  terms  it,  of  the  woody  tissues  that  have  suf- 
fered incomplete  oxidation  in  the  soil.  Whatever  may  be  the  true 
solution  of  its  origin  and  constitution,  these  facts  are  clear:  That  the 
organic  matters  of  the  soil  undergo  a  gradual  oxidation  whereby  vege- 
table tissues  lose  all  appearance  of  structure,  acids  are  formed  and, 
if  conditions  favor,  are  finally  completely  oxidized  to  form  water, 
carbonic  acid  gas  and  certain  nitrogenous  compounds.  If  the  access 
of  air  be  imperfect,  as  when  the  soil  is  low  and  filled  with  standing 
water,  the  humus  may  accumulate;  in  cold  climates  this  is  especi- 
ally the  tendency,  as  the  mossy  tundras  of  Britsh  North  America, 
the  heaths  of  Scotland,  the  moors  of  North  Germany  and  the  bogs 
of  Ireland  witness;  but  in  warmer  latitudes,  as  along  the  Amazon, 
the  decay  is  so  rapid  that  a  few  years  suffice  to  remove  all  traces  even 
of  a  giant  tree  trunk  felled  to  earth. 

In  low,  wet  swamps  and  marshes  where  the  alkaline  and  calcareous 
matters  are  deficient,  the  result  is,  of  course,  that  acids  form  far 
in  excess  of  the  neutralizing  power  of  the  bases  present.  A  similar 
result  may  occur  temporarily  where  a  heavy  green-manuring  crop 
is  turned  under  by  the  plow  in  a  non-calcareous  soil  or.in  a  calcareous 
soil  with  which  it  is  incompletely  mixed  from  lack  of  proper  tillage. 

The  free  acid  in  such  cases  is  not  wholly  composed  of  these  humus 
compounds,  for  both  humic  and  ulmic  acid  have  been  found  by 
Eichhornf  to  possess  the  power  of  uniting  with  the  bases  of  the 
common  neutral  salts  of  the  alkalies  and  alkaline  earths,  liberating 
their  mineral  acids;  this  reaction  is  rarely  complete,  however,  a  por- 
tion of  the  free  acidity  being  directly  due  to  humus  acids. 

The  free  acid  is  injurious  to  valuable  grasses  and  most  cultivated 
crops,  both  directly  and  indirectly,  by  affecting  the  bacterial  life 
in  the  soil,  upon  which  many  of  its  desirable  changes  depend,  and 
by  bringing  into  solution  poisonous  ferrous  compounds. 

Most  cultivable  soils  are  faintly  acid,  owing  to  the  presence  of 
carbonic  acid  in  the  soil  moisture,  but  any  excess  of  acidity  due  to  the 
four  causes  just  considered  is  highly  prejudicial. 

Lowland  Acid  Soils : 

Owing  to  the  fact  that  marshes  and  swamps  naturally  occupy  low 
positions  and  that,  owing  to  the  tendency  of  lime  to  pass  by  leaching 
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from  the  table  lands  and  slopes  to  the  valleys,  the  occurrence  of  de- 
cidedly acid  lowland  soils,  even  among  woodlands,  as  Tacke*  has 
shown,  is  quite  rare,  it  has  come  to  be  generally  thought  among  agri- 
cultural writers  that  soil  acidity  is  a  subject  requiring  little  considera- 
tion. 

Upland  Acid  Soils : 

When  it  is  recalled,  however,  that  many  soils  are  derived  from 
rocks  poor  in  lime,  such,  for  example,  as  certain  granites,  and  that 
the  lime,  even  of  a  soil  originally  rich  in  that  constituent,  is  some- 
times almost  wholly  removed  by  leaching  from  an  upland,  it  is  not 
surprising  that  a  careful  examination  of  soils  so  situated  reveals  many 
instances  of  markedly  injurious  acidity.  Thus,  Muntz  and  Girardf 
mention  large  areas  of  sandy  soils  in  Brittany,  Limousin  and  other 
sections  of  France  as  distinctly  acid;  Schultz-LupitzJ  states  that  the 
sandy  soil  in  his  section  of  Germany  is  deficient  in  lime  and  sour,  and 
Ditmar§  and  Hubner||  mention  the  frequent  acidity  of  sandy  soils; 
Hilgard**  has  noted  such  acidity  in  the  sandy  uplands  of  the  Southern 
States  and  Ruffinft  long  since  noted  the  occurrence  of  extensive 
tracts  of  that  character  in  Virginia,  while  Wheeler  and  his  asso- 
ciates have  made  certain  the  acid  character  of  large  areas  of  Rhode 
Island  and  Southern  Massachusetts,  whose  soil  is  of  granite  origin. 

Upon  considering  that  the  major  portion  of  the  uplands  in  Penn- 
sylvania are  composed  of  soils  derived  from  geological  formations 
that  are  not  conspicuously  calcareous,  and  also  that  the  vegetation 
characteristic  of  many  of  these  upland  soils  is  made  up  of  distinctly 
calcifuge  plants,  such  as  the  chestnut,  hemlock,  etc.,  it  may  be  con- 
fidently anticipated  that  a  careful  examination  of  these  soils  would 
reveal  the  existence  of  many  tracts  rendered  infertile  by  reason  of 
acidity. 

Ammonia  Water  Test: 

WheelerJt  gives  another  useful  test  based  upon  the  fact  that  am- 
monia water  remains  nearly  colorless  in  contact  with  the  humates  or 
ulmates  of  lime  and  magnesia,  but  forms  a  dark  colored  solution, 
usually  brown  or  black,  when  these  alkaline  earths  are  not  present 
in  sufficient  quantity  to  neutralize  the  humus  acids. 

The  test  is  made  by  introducing  some  of  the  soil  to  be  tested  into 
a  small  bottle,  partially  filling  the  latter  with  rain  water,  adding  a 
few  drops  of  strong  ammonia  water,  corking  the  bottle,  shaking  and 
allowing  the  soil  to  settle.    The  reaction  is  not  always  immediate, 

•See  p.  64.  ti.ep  Enfrrals.  III.  lCO-191.  tOle  KalldUngunR  auf  lelchten  Boden.  25.  |Ldw. 
Vera.  Stat.,  14,  277.  IlSchulze'a  Lehrb.  Chem.  Landw.  (4th  ed.),  588.  ••X  Census.  5,  etc.:  All 
quoted  by  Wheeler.    ttRep.  R.  I.  Agr.  Exp.  Sta,,  1895,  232  seq, 

UH-  I.  Av.  Ezp.  Station.  Bull.  41. 


Digitized  by 


Google 


N>  21.  THE  PENNSYLVANIA  STATE  COLLEaE.  119 

sometimes  requiring  several  hours  for  its  completion.  The  presence 
of  a  faint  yellow  color  is  not  to  be  regarded;  but  if  the  tint  be  dark 
yellow,  brown  or  black,  the  presence  of  acid  humus  is  indicated. 

Action  of  Lime  on  Muck  Soils: 

The  application  of  lime  very  quickly  corrects  the  acidity  of  drained 
swamps  and  marshes,  and  large  applications  are  sometimes  made 
upon  new  soils  of  this  character  in  fitting  them  for  the  growing  of 
vegetables,  such  as  onions,  celery,  etc.  The  heavy  yields  resulting- 
from  the  action  of  wood  ashes,  derived  from  burning  brush-heapa 
upon  newly  cleared  timber  lands  are,  often,  in  part  attributable  to 
such  destruction  of  a  mild  acidity.  Where  the  practice  of  applyin^i: 
peat  for  fertilizing  land  is  practised,  it  has  long  been  noted  that  the 
raw  or  crude  peat  frequently  works  injury  instead  of  benefit;  if,  how- 
ever, the  peat  be  allowed  to  drain  and  season  for  some  months,  the  in- 
jurious effect  is  decreased.  The  mere  weathering  of  the  peat  may  re- 
sult in  oxidizing  any  sulfids  and  ferrous  salts  contained  and  improve 
its  texture,  but  could  scarcely  correct  its  acidity;  if,  however,  the  peat 
be  composted  with  lime,  the  acidity  is  promptly  corrected  and  the  com- 
post is  very  soon  in  readiness  for  use. 

The  following  pot  experiment  made  by  Jdhnson*  shows  the  effect 
of  such  treatment  upon  the  crop  obtained: 


Ml. 

Oompara- 

Ure  walKht 

of   crop. 

• 

L  Peat  alone,    

1 

2.  Peat   and    aataea, 

3 

i.  Peat,  ashes  and  slaked  lime 

10 

Action  of  Lime  on  Light  Acid  Soils: 

Some  pot  experiments  by  Wheelerf  show  the  relative  effect  of  air- 
slaked  lime,  which  neutralizes  humus,  and  calcium  sulfate,  which 
has  no  such  power.  Upon  light,  acid  soils  dressed,  in  addition,  with 
(a)  nitrate  of  soda  and  muriate  of  potash  and  with  (b)  nitrate  of  potash 
respectively,  the  percentage  of  gain  from  the  use  of  lime  over  that 
of  the  land  plaster  or  calcium  sulfate  was  as  follows: 

*Peat  and  Its  Uses:  quoted  by  Storer,  II,  19. 
tRep.  R.  I.  AgT.  Exp.  Sta..  1895,  269. 
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(a) 
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Sugar  Beets 
Hoota,  . 
Tops,    . . 

Table  Beets: 
Roota,  . 
Tops,     . . 


I 


207.62 

m.«6 


96.06 
10.47 


88.16 
46.19 


M.9( 
10.11 


Clearly,  the  lime  had  a  most  important  effect  in  neutralizing  the 
acidity,  and  the  selective  absorption  exercised  by  the  sugar  beet  left 
a  considerable  residue  of  mineral  acid  in  the  soil. 


Magnesia  as  a  Neutralizing  Agent: 

As  for  the  effect  of  magnesia  in  correcting  acidity,  the  remark  of 
Low*  that  magnesian  lime  is  especially  efficient  upon  peaty  soils  may 
be  recalled;  this  efficiency  may  arise  from  the  fact  that  under  favor- 
able conditions  for  chemical  combination,  71  pounds  of  magnesia  can 
unite  with  as  much  acid  as  would  i*equire  100  pounds  of  pure  lime. 
Kellnerf  commends  its  efficiency  as  a  neutralizing  agent  for  acid  soils. 
DehdrainJ  refers  to  the  magnesian  marls  of  England  as  reputed  to 
possess  a  very  special  action,  which  is  far  from  being  explained. 

Wheeler,§  in  two  successive  years,  grew  mangels  upon  the  light, 
acid  soil  of  Rhode  Island,  to  which,  in  addition  to  equal  annual  dress- 
ings with  relatively  abundant  quantities  of  nitrate  of  soda  and  dis- 
solved bone-black,  several  neutralizing  agents  were  added  together 
with  potash  salts.  The  pots  1  and  2  received  carbonate  of  potash  only 
— in  1894,  5.84  grms.;  in  1895,  7.7  grms.  Pots  3  to  10  received  muriate 
of  potash — in  1894,  7.36  grms.  each;  in  1895,  10  grms.  The  other 
distinctive  characters  of  treatment,  together  with  the  weights  of  air- 
dried  roots  harvested,  are  shown  below : 


Pott. 

Alkali    added. 

Yield. 

z 

1 
1894.               1895. 

1894.        1      1896. 

Orammea.  Grammea. 

Grammes,  i  Gnunmea. 

1 

Carbonate  of  potash  only, 

68.8  44.0 
87.1  1              68.0 

89.9  I            100.1 
180.0  '             128.8 
128.4  1             181.6 
1S8.6  ]              181.8 

91.7                 61.2 
89.7  '              91.8 
144.2  1             148.2 
186.8  1             132.0 

? 

Carbonate  of  potash  only,  

8 

Muriate  of  Potash  Pota. 
CauBttc  maRTiesia 

8.81  :            8.81 
7.62               7.« 
8.3     1             8.3 
16.6                16.6 

4 

Caustic  mairnesta.    

6 

Carbonate  of  soda 

6 

Carbonate  of  soda,    

7 

No   alkali 

8 

No  alkali 

9 

Air-slaked  lime 

91.98  1             18.4 
91.98   1             18.4 

10 

Air-slaked   lime,    

•< 
V 
U 

V.  p.   89. 

American  Fertiliser,  6,  246. 
>p.   at,,  618. 
>p.    at,  866. 
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The  conditions  of  moisture  and  food  supply  were  such  as  to  make 
the  chief  variabJe  almost  certainly  the  different  neutralizing  power 
of  the  several  alkaline  substances.  The  caustic  magnesia  is  seen 
to  have  been  almost  as  efficient  as  its  chemical  equivalent  of  car- 
bonate of  soda,  and  to  fall  not  far  below  a  very  much  larger  quantity 
of  air-slaked  lime. 

Upon  acid  soils,  therefore,  dressings  of  magnesian  lime,  if  not 
made  excessive  in  quantity,  will  be  as  effectual,  if  not  more  effectual 
than  those  of  equal  weights  of  purer  limes. 

Reaction  of  Soils  Experimented  Upon: 

In  discussing  the  state  of  combination  of  the  lime  and  magnesia 
contained  in  the  soils  experimented  upon,  it  was  assumed*  that  all 
the  carbonic  acid  removed  from  the  original  soils  by  the  action  of  a 
current  of  carbonic-acid-free  air  and  of  warm  hydrochloric  acid, 
had  been  present  in  the  soil  in  the  form  of  calcium  carbonate.  It 
might  be  inferred  that  since  each  soil  yielded  some  carbonic  acid 
under  this  treatment,  all  must  contain  calcium  carbonate  and,  hence, 
none  could  be  acid  in  reaction.  The  inference  is  not  strictly  war- 
ranted because  some  of  the  carbonic  acid  may  have  formed  in  the 
air  of  the  soil  from  the  oxidation  of  organic  matter,  though  the  condi- 
tions were  not  favorable  to  any  active  oxidation;  it  is  notable  that 
while  the  combined  percentages  of  lime  and  magnesia  varied  from 
0.21  to  1.5S  per  cent.,  those  of  carbonic  acid  only  ranged  from  0.025 
to  0.048  per  cent.  Another  ground  upon  which  the  inference  may  be 
questioned  is  the  authority  of  Stoekhardtf  and  of  MondesirJ  for  the 
belief  that  small  quantities  of  calcium  carbonate  may  remain  un- 
decomposed  in  a  distinctly  acid  soil,  possibly  because  of  the  large 
grain  of  its  particles  or  because  it  is  not  uniformly  distributed. 

The  water-soluble  acidity  was  determined  by  Mr.  Beistle  in  the 
aqueous  extract  made  by  washing  20  grammes  of  each  soil,  upon  a 
funnel,  with  about  100  c.  c.  of  distilled  water  and  titrating  with  very 
weak  (deci-normal)  soda  solution,  using  phenol-phthalein  as  an  indi 
oator.  In  all  but  four  cases,  only  one  drop  of  the  alkali  was  sufficient 
to  neutralize  the  acidity,  but  in  these  cases  the  quantities  requisite 
were: 

Volume  of 
No.  alkali  required. 

5, 0.05  c.  c. 

6, \  0.90  c.  c. 

8, 0.10  c.  c. 

9, 0.05  c.  c. 
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Such  a  test,  however  perfectly  it  might  be  performed,  would  not 
suflBce  to  show  any  acid  constituents  that  are  insoluble  in  water. 

Mr.  C.  W.  Norris  applied  the  litmus  test,  using  a  very  sensitive 
paper;  all  the  soils  showed  some  acidity,  but  it  was  decided  only  in 
cases  of  Nos.  5,  6,  8  and  9.  A  repetition  some  days  later  gave  the 
same  results.  The  very  faint  acidity  is,  of  course,  not  indicative  of 
a  condition  prejudicial  to  plant  life,  as  has  already  been  remarked. 

The  ammonia  test  was  also  applied  by  Mr.  Norris  by  shaking  150 
grammes  (over  four  ounces)  of  the  dry  soil  with  distilled  water  to 
which  a  few  drops  of  strong  ammonia  had  been  added,  and  noting 
any  coloration  evident  a  short  time  after  the  deposition  of  the  sedi- 
ment.   The  results  were: 

I.  No  coloration.  VI.  Very  deep  brown  color. 

II.  Light  brown  color.  VII.  Light  brown  color. 

III.  No  coloration.  VIII.  Light  brown  color. 

IV.  No  coloration.  IX.  Light  brown  color. 

V.  Decided  brown  color. 

Judging  from  the  three  tests,  No.  VI  was  strongly  acid,  No.  V  dis- 
tinctly so,  and  Nos.  VIII  and  IX  slightly.  A  portion  of  the  good 
results  observed  to  follow  liming  on  these  soils  must  be  attributed 
to  their  neutralization. 


Influence  of  lAvic  upon  the  Organic  Matter  of  Soils. 

The  organic  matter  of  the  soil  is  for  the  most  part  the  partially  oxi- 
dized residue  from  pre-existing  vegetation;  the  composition  must  be, 
in  a  measure,  dependent  upon  the  kind  and  proportion  of  the  ash  con- 
stituents, nitrogenous  bodies  and  woody  and  other  carbohydrate 
matters  of  which  the  plants  were  composed,  as  well  as  upon  the 
conditions  of  their  decay. 

Ultimate  Composition  of  Humus: 

This  decay  is  accompanied  by  a  liberation  of  carbonic  acid,  but  if 
we  may  judge  from  the  composition  of  the  ulmic  and  humic  acids 
formed  artificially  from  sugar,  the  loss  of  carbon  is  less  than  of  the 
other  elements,  for  of  dextrose  it  constitutes  40  per  cent.;  of  humic 
acid,  64  per  cent.,  and  of  ulmic  acid,  67.1  per  cent.,  according  to 
Mulder.*     It  may  be  that  the  large  proportion  of  carbon  found  in 
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humus  is  in  part  due  to  the  more  complete  destruction  of  the  readily 
fermentable  substances,  such  as  sugar,  starch,  etc.,  leaving  in  the 
residue  a  larger  proportion  of  those  modified  celluloses — lignin 
bodies,  hemi-celluloses,  cutose,  etc. — which  are  richer  in  carbon  than 
the  more  common  and  more  fermentable  carbohydrates.  Thus, 
Fremy,  treating  wood  with  alkaline  carbonates,  extracted  a  group 
of  substances  separable  from  the  extract  by  its  acidulation.  This 
precipitate  he  supposed  to  be  one  substance,  with  a  content  of  59.3 
per  cent,  of  carbon,  which  he  termed  vascvlose.  It  is  more  readily 
obtained  from  straw  than  from  wood. 


Selective  Fermentations  Due  to  Living  Organisms: 

Such  a  selective  destruction  occurs  in  the  plant  itself,  when  de- 
prived of  its  leaf  food  and  has  been  observed  in  the  curing  tobacco 
leaf*  and  in  the  decay  of  sweet  fruits.  In  all  these  cases,  either  the 
living  plant  itself  or  a  lower  organism  is  the  effective  agent  in  pro- 
ducing the  bio-chemical  changes  observed. 

The  presence  in  the  soil  of  numerous  lower  organisms,  moulds  or 
bacteria,  is  so  thoroughly  established  in  numerous  investigations  that 
it  is  sujQQcient  here  to  simply  affirm  the  fact. 


Fermentation  of  Stable  Manure: 

The  studies  of  Reiset,t  Hebert,t  Guyon,§  Schloesing  filsH  and  De-' 
h^rain**  upon  the  changes  which  the  straw  forming  the  litter  of 
stable  manure  undergoes  during  the  fermentation  of  the  manure, 
are  highly  suggestive  in  this  connection.  In  brief,  they  found  that 
the  sugar  and  closely  related  substances  of  the  straw  are  destroyed 
by  a  ferment  acting  in  the  presence  of  air  to  form  carbonic  acid  and 
liberate  free  nitrogen,  while  the  cellulose  is  destroyed  by  another 
ferment,  stirred  to  activity  whenever  air  is  admitted,  but  continuing 
to  act  in  its  absence,  which  liberates  some  carbonic  acid  and  more 
marsh  gas.  There  is  left  the  "vasculose"  in  a  modified  condition, 
partially  dissolved  in  the  alkaline  liquids  of  the  fermented  manure. 
Upon  the  evaporation  of  this  solution,  a  shining  black  substance  is 
left  containing  about  40  per  cent,  of  ash,  36  per  cent,  of  vasculose  and 
24  per  cent,  of  nitrogenous  substances.  The  ash  contains,  strange  to 
consider,  phosphoric  acid,  lime  and  ferric  oxid;  in  the  absence  of  the 
organic  materials  these  phosphates  could  not  exist  together  in  a 
neutral  or  alkaline  liquid.    The  nitrogenous  material  too,  while  its 
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proportion  can  be  diminished  by  repeated  resolution  and  repreeipita- 
tion,*  can  never  be  wholly  dissociated. 


Fermentations  of  Various  Soils  Differ: 

The  nature  of  the  changes  which  vegetable  matters  undergo  by  the 
activity  of  the  various  soil  ferments  has  not,  at  least  so  far  as  the 
non-nitrogenous  constituents  are  concerned,  been  so  closely  worked 
out  as  have  those  to  which  the  litter  of  stable  manure  is  subject. 
There  is  much  reason  to  believe  that  the  reaction  of  the  soil,  and 
possibly  other  conditions,  exercises  a  very  decisive  influence  over 
the  kind  and  rate  of  the  changes  occurriug  within  its  pores.  It  may 
be  true  of  the  soil  humus,  as  Schloesing  fils  found  it  to  be  of  stable 
manure — which  differed  from  clean  litter  in  this  respect — that 
change  is  not  wholly  prevented  when  the  activity  of  the  ferment 
organisms  is  precluded,  so  that  it  may  be  regarded  as  due  in  part 
to  direct  chemical  action;  but  it  is  more  probable  that  the  principal 
agents  by  which  fresh  vegetable  matter  is  converted  into  humus 
are  fermentative  or  biological.  The  latter  view  leads  to  the  expec- 
tation of  dissimilarities  in  decomposition  governed  not  only  by  cli- 
matic conditions  and  soil  composition,  but  possibly  also,  by  differences 
in  the  nature  of  the  ferments  present  in  different  soils. 

With  this  view  of  the  agencies  by  which  humus  is  formed,  it  is  in- 
teresting to  observe  that  the  humus  of  different  soils  shows  gi-eat 
variation  in  its  solubilities,  its  power  to  support  certain  types  of 
vegetation,  the  bacterial  life  present,  in  it  and  the  proportions  of 
nitrogen  and  mineral  matters  closely  associated  with  it. 

Grandeau^s  Matiere  Noire: 

Upon  treating  soils  with  an  alkaline  liquid,  after  a  previous  treat- 
ment with  an  acid  for  the  removal  of  readily  soluble  basic  materials, 
Grandeau  was  able  to  extract  a  portion  of  the  humus  which,  upon 
evaporation  of  the  solution,  shows  an  appearance  similar  to  the  black 
matter  extracted  from  stable  manure  by  alkaline  solutions;  and, 
like  the  latter,  this  black  matter  of  the  soil — matiere  noire^  as  chemists 
continue  to  call  it — contains  ash  ingredients  that  do  not  show  their 
prepuce  under  ordinary  tests  until  the  organic  substance  is  de- 
stroyed by  ignition,  or  until  subjected  to  dialysis,  which  enables  them 
to  pass  through  a  membrane  that  holds  back  the  organic  substance. 
As  in  the  case  of  the  stable  manure,  not  only  silica  and  potash,  but 
the  ordinarily  incompatible  substances,  phosphoric  acid,  lime  and 
ferric  oxid  are  found  in  the  associated  mineral  matter;  while  nitro- 
gen, too,  is  as  closely  associated  as  in  the  similar  manure  extract. 
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Its  Relations  to  Fertility: 

Grandeaa  conteuds  that  the  matiere  noire^  which  is  particularly 
abundant  in  mild  humus^  such  as  that  of  old  garden  soils,  is  an  im- 
portant solvent  of  the  mineral  matters  useful  as  plant  foods,  and  that 
the  immediate  fertility  of  a  soil  is  in  large  measure  determined  by  the 
amount  of  the  mineral  foods  that  are  present  in  chemical  combina- 
tion with  the  matiere  noire.  This  is  still  a  debatable  point,  but  there 
are  many  interesting  facts  affording  some  foundation  for  Grandeau's 
theory.  He  himself  observed  that  the  associated  mineral  substances 
in  the  matiere  noire  are  more  abundant  in  fertile  than  in  sterile 
soil,  and  found  them  to  vary  from  2  to  60  per  cent,  of  the  entire  ex- 
tract.* Hilgardt  found  that  in  the  extremely  fertile  '^sugar-bowl 
delta"  lands  of  the  Brazos  River, Texas,  and  in  the  bottom  lands  of  the 
Colorado  River  of  the  West,  in  California,  the  entire  amount  of  phos- 
phoric acid  is  present  in  the  matiere  noire^  while  in  poor  lands  a  much 
smaller  fraction  of  the  entire  phosphoric  acid  contained  was  present 
in  such  combination.  Snyder,}  in  analysis  of  certain  soils  from  the 
famous  wheat  lands  of  the  Red  River  Valley,  found  that  the  wheat 
yield  upon  those  soils  seems  to  bear  a  closer  relation  to  the  amount  of 
phosphoric  acid  contained  in  the  matiere  noire  than  to  that  of  any 
other  constituent,  this  element  of  fertility  showing  a  rapid  decrease 
under  the  exhaustive  system  of  continuous  wheat  culture  still  largely 
practiced  in  that  locality. 

Deh6rain§  goes  further,  and  asserts  that  while  wheat  may  do  with- 
out it,  a  certain  portion  of  the  matiere  noire  is  indispensable  to  the 
best  growth  of  clover  and  other  legumes. 

Popular  Views  as  to  the  Influence  of  Lime  Upon  Humus: 

With  this  view^of  the  nature  of  humus  we  may  turn  to  the  influence 
of  lime  upon  its  amount  and  condition.  It  is  generally  admitted 
from  practical  experience  that  liming  often  promotes  the  rapid  de- 
composition of  green  manures,  sod  and  peat,  with  the  formation  of 
a  very  desirable  humus,  but  that  oft-repeated,  heavy  liming  tends,  on 
many  soils,  to  a  final  depletion  of  the  humus  supply  to  such  a  point 
as  to  seriously  affect  their  mechanical  condition  and  general  fer- 
tility. Thus,  even  the  surface  soil  of  moor  lands]  |  is  brought  to  such  a 
low  humus  content  that  it  is  needful  to  turn  up  the  humus-rich  sub- 
soil in  order  to  continue  the  cropping  of  the  land. 

Exact  Investigations  Upon  Loss  of  Carbon: 

The  exact  investigations  made  upon  loss  of  carbonaceous  matter 
from  humus  soils  show  quite  wide  variations.    The  subject  has 


•C/.  Storer.  I,  487. 
tX  Cemtus,   6.   81. 

IBuHetln  53.  Minn.  Exp.  Station. 
lAnn.  agron.  9,  68:  Traits.  523-4.  547. 
wVf.  HclDrich.   Mergel  u.  Merseln.   80-81. 

Digitized  by 


Google 


126  ANNUAL  REPORT  OF  Off.  Doc 

recently  been  quite  elaborately  discussed  by  E.  Wollny;*  after  noting 
that  dilute  acids  retard  or  prevent  the  decay  of  humus,  that  very 
dilute  caustic  alkali  favors  it,  but  strong  solutions  retard  it,  and 
that  weak  solutions  of  alkaline  carbonates  promote  it  especially, 
if  the  decay  has  already  begun,  he  calls  attention  to  the  following 
results  of  investigation:  E.  Wolfiff  found  that  caustic  lime  added  to 
fresh  manure,  which  was  then  kept  under  cover,  greatly  diminished 
the  loss,  by  decay,  of  both  total  organic  matter  and  nitrogen.  J. 
Nes8ler,J  applying  lime  to  turf  and  variously  prepared  bone-meals, 
found  decay  at  first  retarded,  then  increased,  but  with  a  total  decrease 
from  liming  in  the  loss  observed  for  a  twelve-months^  period.  P. 
Petersen§  found  the  amount  of  carbonic  acid  given  off  from  acid 
leaf  mould  greatly  increased  upon  addition  of  calcium  carbonate, 
the  increase  being  far  too  great  to  be  explained  by  any  decomposi- 
tion of  the  added  carbonate.  Wollny,||  himself,  has  made  extensive 
investigations  upon  this  subject.  Addition  of  lime  to  artificial  soils, 
the  one  containing  as  its  humus  material,  rye  straw,  the  other  turf, 
found  the  evolution  of  carbonic  acid  diminished  as  the  lime  increased 
in  the  case  of  the  rye  straw,  but  increased  in  case  of  the  turf.  Other 
investigations  in  which  turf,  horse  dung  and  humus  from  a  sandy  soil 
were  used  with  different  soil  combinations,  agreed  in  showing  at 
first  a  decrease  after  liming  (which  is  possibly  due  to  absorption  of 
the  carbonic  acid  by  the  lime)  followed  by  an  increase,  and  later 
by  a  decrease;  that  is,  while  lime  favors  a  rapid  progress  in  the  early 
stages  of  the  fermentation,  it  has  a  later  conservative  influence. 

Relations  of  Lime  to  Matiere  Noire: 

A  number  of  investigators  are  of  the  opinion  that  lime  is  a  con- 
servator of  the  matiere  noire.  Deh^rain**  notes  that  lime  salts  pre- 
cipitate most,  but  not  all,  of  the  matiere  noire  of  stable  manure  from 
solution  and  holds  that  this  explains  the  observation  of  P.  Thenard 
that  while  the  drainage  waters  of  recently  manured  sandy  soils  are 
sometimes  discolored,  those  from  calcareous  soils  are  not.  Mulderff 
had  earlier  observed  a  similar  precipitation  of  humate  of  ammonia 
(equivalent  in  part  to  Grandeau's  matiere  noire)  by  caustic  lime  and 
magnesia,  calcium  and  magnesium  chlorids  and  by  ferric,  ferrous  and 
manganic  sulfates.  Ko8tycheff,tt  studying  the  causes  that  have  led 
to  the  production  of  the  wonderfully  fertile  black  soil  of  Russia,  com- 
monly termed    tschemosem^   believes  that  the  coloration  is  due  to 
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changes,  in  the  presence  of  lime  compounds,  resulting  in  the  forma- 
tion of  substances  which,  like  the  group  of  substances  related  to 
tannin,  blacken  by  oxidation  on  exposure  to  the  air.  Hilgard*  notes 
that  lime  brings  about  a  more  rapid  transformation  of  vegetable 
matter  into  active  hurmis  (^matiero  noire) ^  manifest  in  the  deep  black 
tint  of  the  soil — a  tint  which  is  not  present  except  when  there  ia 
abundance  of  alkaline  or  alkaline  earthy  carbonate  also  present. 
He  further  aflSrms  that  lime  protects  the  matiere  noire  from  the 
oxidizing  influences  of  a  hot  climate.  On  ordinary  uplands,  tending 
to  a  lime  deficiency,  he  finds  only  0.4  to  0.7  per  cent,  of  matiere  noire; 
in  the  more  prominently  calcareous  soils,  1  to  1.5  per  cent,  or  even 
more.  He  also  considers  that  the  lime  materially  influences  the  pro- 
portion of  the  phosphoric  acid  that  is  present  in  the  matiefi^e  noire; 
while  there  are  exceptions  noted,  as  a  general  rule  soils  rich  in  lime 
contain  most,  and  occasionally  all,  of  their  phosphoric  acid  in  this 
combination,  while  soils  poor  in  lime  contain  only  one-fourth  to  on^ 
tenth  of  their  phosphoric  acid  in  similar  condition. 

A.  Bemardt  observes  that  calcium  carbonate  unites  YiWhmatim'e 
noire  to  form  a  compound  not  soluble  in  ammonia  until  the  lime  be 
first  removed  by  acid  treatment. 

On  the  other  hand,  WollnyJ  found  a  greater  evolution  of  carbonic 
acid  from  a  pure  calcium  humate  than  from  acid  humus,  indicating 
that  some,  at  least,  of  the  materials  present  in  the  later  stages  of 
decomposition  are  not  preserved  from  further  decay  by  liming,  but 
rather  hastened  therein.  Kellner§  found  an  increased  loss  after 
liming  both  upland  and  paddy  soil  (the  latter  formed  under  conditions 
of  submergence  for  part  of  the  year),  but  much  greater  in  the  latter 
soil. 
Liming  Increases  Retentiveness  of  Humus: 

It  is  quite  generally  agreed  that  the  liming  of  humus  tends  to  in- 
crease its  power  to  fix  potash  and  ammonia  in  soils  where  lime  has 
previously  been  deficient.] | 
Changes  in  the  Organic  Matter  of  the  Soils  Under  Experiment: 

In  our  experiments  a  careful  study  wrfs  made  of  the  amount  of 
total  organic  matter  and  of  active  humus  (matiere  noire)  in  soils 
VI  (muck)  and  VII  (limestone  clay)  after  treatment  by  fallowing, 
and  by  applications  of  lime  and  magnesia  respectively.  The  work 
upon  these  points  was  performed,  upon  portions  of  the  treated  soils 
used  for  the  analyses  previously  reported,  by  Mr.  M.  S.  McDowell,  As- 
sistant Chemist  of  the  Experiment  Station. 

Van  Bemmelen**  having  called  attention  to  the  fact  that  in  the 
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ordinary  tncthod  of  determining  moisture  by  drying  the  soil  at  the 
temperature  of  boiling  water,  other  volatile  matters  and  water  of 
crystallization  and  of  combination  in  both  mineral  and  organic  mat- 
ters might  be  driven  oft,  an  additional  determination  was  made  of  the 
loss  of  water  by  the  soil  upon  suspension  in  a  cooled  bottle  (tempera- 
ture 3  degrees  to  15  degrees  C),  over  sulfuric  acid  until  the  weight 
of  the  sample  no  longer  decreased. 

In  addition,  determinations  of  the  total  loss  upon  ignition  and  of 
ihematiere  noire  extractable  by  the  Huston-Grandeau*  method  were 
made.    All  determinations  are  based  upon  duplicate  tests. 

The  results  were  as  follows: 

TABLE  Xll— Organic  Matter  in  Air  Dry  Soils.     (Per  Cent.) 


Determinations. 


Muck.  VI. 


Limestone  Clay.  vn. 


i 


1.  Moisture  lost  at  8«-16«C, 

2.  Additional  loss  at  100«C. 

ToUl  moisture  (1+3). 
t.  Total  loss  by  Isnltlon.  .. 

Organic  Matter. 

(S— Total   moisture), 

4.  Mature    noire,    

t*er  cent,   of  organic  matter 
present  as  "matlere  noire. 


S.94 

1.76 

2.W 
S.6S 

g:3' 

.M 

.92 

.29 

.97 

a. 88) 

6.88 

«l:l? 

<^?:5' 

'VS 

<i:S' 

"}:}? 

(51.M) 

(44.80) 

(46.17) 

(80.89) 

(•84.96) 

.27 
.96 

a.ts) 

6.49 


(4.86) 
1.68 

XM.26) 


*Ck»rrected  for  carbonic  acid  lost  by  Ignition,  86.68.    fSlmllarly  corrected,  8.92. 

As  to  the  moisture,  these  results  seem  to  indicate  that  only  a  small 
part  of  the  loss  of  weight  from  the  air-dry  soil  when  it  is  heated  at  the 
boiling  point  of  water,  is  removable  at  the  ordinary  temperature  in 
the  manner  previously  described — the  losses  over  sulfuric  acid  being, 
from  the  muck,  one-third,  and  from  the  limestone  clay  only  one-fourth 
of  the  entire  loss.  If  it  be  true  that  the  excess  of  loss  at  100  degrees 
0.  over  that  at  ordinary  temperature  under  these  conditions,  is  due 
to  loss  of  water  of  combination,  these  soils  seem  to  have  undergone 
a  great  deal  of  dehydration  in  the  drying  process.  The  subject 
merits  an  investigation  with  more  complete  checks. 

It  is  not  surprising  to  find  the  air-dry  muck  holding  so  much  more 
water  than  No.  VII,  as  that  is  the  tendency  of  soils  highly  charged 
with  organic  materials. 

The  total  organic  matter  has  been  estimated  by  subtracting  from 
the  percentage  of  loss  occurring  upon  careful  ignition,  the  total  moia- 
ture  lost  at  100  degrees  C.  Admittedly  this  tends  to  give  a  figure  too 
high.  Not  all  the  water  of  crystallization  of  minerals  is  given  off 
at  the  temperature  of  boiling  water,  but  the  residue  is  expelled  upon 
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ignition;  again,  complete  ignition  tends  to  dissociate  any  carbonates 
present  in  the  soil,  liberating  the  carbonic  acid.  But  the  amount  of 
carbonic  acid  in  the  original  material  of  these  soils  amounted  to  onlj 
0.04  per  cent,  (eirca)^  while  that  in  the  treated  soils  was  as  follows: 


No.  VL 


Na  vn. 


Ume  treatment i  0.089 

lia^nesla  treatment,  O.OSO 


•.201 
0.068 


So  that,  except  in  the  case  of  the  limed  soil,  VII,  the  correction 
for  this  loss  would  not  be  appreciable;  but  if  it  be  assumed  that  all 
the  carbonic  acid  was  expelled  in  the  ignition  of  the  limed  soil. 
No.  VII,  then  the  total  organic  matter  will  be  more  nearly  3.92  per 
cent.,  and  the  proportion  of  it  present  Si&matiere  noire  would  be  36.68 
per  cent.  There  are  no  data  by  which  a  correction  for  the  former  of 
the  two  sources  of  error  can  be  made. 

The  active  humus  in  the  original  soils  was  earlier  determined  by 
Mr.  W.  S.  Sweetser,  then  Assistant  Chemist  of  the  Experiment  Sta- 
tion; calculated  to  their  proportions  in  the  water-free  soil,  the  per- 
centages of  humus  in  the  original  and  the  fallow  soils  are: 


VL 

vn. 

Orlclnal. 

t.l» 

2.18 

rwiow,    

S.2I 

So  that  little  change  in  this  constituent  appears  to  have  resulted 
from  the  fallowing. 

As  for  the  preserving  action  of  the  two  applications,  it  appears  that 
in  the  muck  soil  there  was  less  loss  of  total  humus  in  the  soils  treated 
with  lime  and  magnesia,  but  that  there  was  a  distinctly  greater  dim- 
inution of  the  matiere  noire. 

In  the  limestone  clay  soils,  the  figures  for  total  organic  matter 
agree  too  closely  to  warrant  any  distinction,  but  here,  too,  the.  amount 
of  matiere  noire  was  found  considerably  less  in  the  soils  receiving 
lime  and  magnesia.  In  both  soils,  the  decrease  of  matiere  noire  was 
less  with  magnesia  than  with  lime. 

Under  the  conditions  of  our  experiments,  therefore,  liming,  or 
the  application  of  magnesia  in  liberal  dressings  is  found  not  to  pre- 
serve but  to  destroy  the  active  humus  more  rapidly  than  that  which 
is  less  soluble. 
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Effect  of  lAme  upon  the  Nitrogenous  Substances  of  the  Soil: 


Relative  Gain  of  Nitrogen  in  Formation  of  Humus: 

KostytBcheff,*  in  his  studies  of  the  formation  of  the  black  soils  of 
Russia,  to  which  reference  has  already  been  made,  observed  that 
nitrogen  was  lost  during  the  decay  of  the  plants  from  which  the 
humus  is,  in  this  case,  derived,  much  less  rapidly  than  carbon,  so  that, 
while  it  amounted  to  only  1  to  2  per  cent,  of  the  plants,  the  humus 
contained  4  to  6  per  cent. 

Hilgard  and  Jaffaf  found  that  this  divergent  tendency  is  magnified 
in  arid  regions  as  shown  by  the  following  figures: 
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8.04 

16.87 
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6.24 

,101 

Scml-aiid  soils. 

.101 

Humid  soils, 

.181 

In  extreme  cases  they  found  more  than  6  per  cent,  of  nitrogen,  the 
average  in  pure  albuminoids,  in  the  humus  of  arid  soils. 

Deh^rainJ  states,  on  the  basis  of  analyses  by  Boussingault, 
Truchot  and  himself,  that  the  ratio  of  nitrogen  to  carbon  in  various 
soils  ranges,  in  arable  lands  (nitrogen  being  taken  as  the  unit  of 
comparison)  from  4.8  to  45.0,  and  in  prairie  or  grass  lands  from  6.8 
to  20.0,  the  percentage  of  nitrogen  in  the  soil  varying  in  the  arable 
lands  from  0.046  to  1.05,  and  in  the  grass  lands  from  0.180  to  0.940. 


Condition  of  Nitrogen  in  Soils: 

Way,§  in  examining  certain  drainage  waters,  found  from  2.78  to 
21.05  parts  of  nitric  acid  in  100,000  parts  of  the  water,  and  only  from 


•Ann.  agron..  17,  17. 

t Agricultural  Solenoe  (1884), 

rrralM.  8»>. 

IJour.  Roy.  Bee.,  IT,  188. 


Digitized  by 


Google 


No.  21.  THE  PENNSYLVANIA  STATE  COLLEGE.  181 

0.009  to  0.025  parts  of  ammonia.    The  nitric  acid  was  more  abundant 
than  any  single  base. 

It  must  not,  however,  be  inferred  from  this  that  the  soil  ordinarily 
contains  large  quantities  of  soluble  nitrogen  compounds.  On  the 
contrary,  the  major  portion  is  present  in  diflScultly  soluble  form, 
despite  the  fact  that  in  the  leaves  and  stalks  from  which  the  humus 
is  formed,  much  of  it  is  present  in  soluble  amid  compounds,  such 
as  asparagin.  Furthermore,  the  nitrogenous  matter  is  not  nearly 
as  liable  to  putrefactive  fermentation  as  are  the  albuminoids  of  plant 
and  animal  tissues. 

The  nitrogen  of  the  soil  has  been  found  chiefly  in  three  classes  of 
compounds:  in  ammonium  salts,  in  nitrates  and  in  organic  matter. 
But  very  little  of  it  is  commonly  present  in  the  first  two  classes  of 
compounds.  Boussingault,*  for  example,  found  in  the  garden  soil  of 
Liebfrauenberg,  the  following  proportions  of  nitrogen  in  the  various 
states  of  combination: 

Total  nitrogen,  0.261     per  cent. 

Ammonia, 0.0022   per  cent. 

Nitric  acid, 0.00034  per  cent. 

That  is,  only  4  per  cent,  of  the  total  nitrogen  was  present  in  the 
more  soluble  combinations.  This  soil,  the  investigator  found,  de- 
spite its  richness  in  nitrogen,  would  not,  when  prevented  from  receiv- 
ing the  nitrogen  compounds,  that  come  in  the  rain,  yield  much  more 
material  to  growing  crops  than  the  latter  were  able  to  obtain  from 
barren  soils.f 

It  appears  then  that  plants  must,  for  the  most  part,  take  their 
nitrogen  from  the  soil,  either  in  the  form  of  ammonia  or  of  nitric 
acid. 

The  beautiful  research  of  MuntzJ  has  shown  that,  in  the  entire 
absence  of  nitrates  and  of  the  conditions  to  which  their  formation 
is  due,  plants  can  take  up  the  nitrogen  they  need  directly  from  am- 
monium compounds. 

But  the  great  fertilizer  value  of  the  nitrates  has  been  known  since 
the  sixteenth  century,  and  they  have  been  shown  by  the  Interesting  re- 
searches of  Berthelot  and  Andr^§  to  be  present  in  all  plants  at  some 
stage  in  their  lives. 

Causes  of  Formation  of  Ammonia  and  Nitric  Acid  in  Soils: 

There  was  formerly  much  difficulty  in  accounting  satisfactorily 
by  rational  chemical  theories  for  the  varying  transformations  of  the 
inert  nitrogenous  substances  into  the  ammonium  compounds  and 
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nitrates.  It  is  now  known  that  the  formation  of  both  classes  of 
compounds  is  chiefly  due  to  the  action  of  living  organisms  (bacteria) 
upon  the  inert  nitrogenous  substance  of  the  soil. 

Our  present  knowledge  upon  thetse  changes  is  due  chiefly  to  the 
investigations  of  Berthelot  and  Andr^,*  Schloesing  and  Muntz,t 
Winogradskyt  and  Warington.§  There  seem  to  be  three  classes 
of  organisms  concerned  in  the  transformations: 

1.  An  ammonical  ferment  changing  organic  nitrogen  to  ammonia. 

2.  A  nitrous  ferment,  converting  the  ammonia  to  nitrites. 

3.  And  possibly  a  nitric  ferment  accomplishing  the  oxidation  of 
nitrites  to  nitrates. 

Under  proper  conditions  for  nitrification,  as  the  conversion  to 
nitrates  is  termed,  the  ammonia  is  oxidized  even  more  rapidly  than 
it  is  formed  from  organic  matter.  The  conditions  for  favorable  ac- 
tion are:  1.  Free  circulation  of  air  in  the  soil.  Illustrative  of  this 
condition  is  the  recent  observation  of  Kellner  and  others]  |  that  the 
liming  of  a  dry  soil  to  which  ground  fish  had  been  added  induced  a 
rapid  nitrification,  while  in  the  submerged  soil  of  the  "paddy"  field, 
the  fermentation  stopped  with  the  formation  of  ammonia.  2.  A  suit- 
able degree  of  moisture.  3.  The  presence  of  the  active  ferment.  4. 
The  presence  of  a  base  with  which  nitric  acid  may  combine  as  it 
forms,  since  the  fermentation  ceases  with  the  appearance  of  acidity. 
5.  A  temperature  ranging  between  40  degrees  and  113  degrees  Fahr. 

It  has  been  observed  that  in  undrafned  marsh  lands  and  especially 
in  forest  soils  that  nitrates  do  not  form.  Frank  notes  the  great  de- 
velopment of  moulds  in  the  forest  soil  and  that  the  trees  are  devoid 
of  fine  absorbent  root-hairs,  but  have  the  growing  portions  of  their 
root  systems  throughly  penetrated  by  the  thin  hair-like  hyphae  of 
these  moulds;  he  suggests,  therefore,  the  probability  that  the  moulds 
attack  the  inert  organic  matter  and  act  as  purveyors  thereof  to  the 
trees.** 

Nature  of  Inert  Nitrogenous  Compounds: 

There  is  much  uncertainty  as  to  the  real  state  of  combination  of  the 
inert  nitrogen  in  the  humus.  Johnson,tt  on  the  basis  of  the  behavior 
of  this  nitrogen  with  alkaline  earths,  such  as  lime;  of  the  fact  that 
albuminoids,  such  as  are  present  in  the  plant,  commonly  yield  amidif 
upon  decomposition,  and  that  the  reversion  of  ammonia  to  inert 
forms,  which  sometimes  takes  place  in  the  soil,  is  most  readily  ex- 
plained by  this  hypothesis,  suggests  the  probability  that  the  com- 
bination is  of  an  amid  nature. 
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Influence  of  Lime  on  Soil  Ammonia : 

Concerning  the  effect  of  lime  upon  the  nitrogenous  constituents 
of  the  soil:  It  is  common  laboratory  experience  that  on  the  addition 
of  caustic  lime  or  carbonate  of  lime  to  solutions  of  ammonium  salts, 
at  ordinary  temperatures,  ammonia  is  liberated. 

A.  Bernard*  finds,  that  upon  application  of  ammonium  sulfate  to 
soils  containing  no  more  than  1  per  cent,  of  lime,  a  liberation  of  am- 
monia occurs  in  from  five  to  ten  minutes. 

It  is  probable  that  ammoniacal  fermentation  of  the  soil  is  pro- 
moted by  the  presence  of  calcium  carbonate;  but  an  excess  of  the 
caustic  lime  would  tend  to  be  injurious  to  the  ferments.  Ladureanf 
observed  that  the  addition  of  lime  to  a  2  per  cent,  solution  of  urea 
retarded  the  action  of  the  ammonicial  ferment  in  proportion  to  the 
amount  of  lime  introduced. 

Lime  Affects  Nitrification: 

As  to  the  influence  of  lime  compounds  on  nitrification:  Touvenal^ 
long  since  observed  that  the  formation  of  nitre  in  nitre-beds  is'  most 
favorably  affected  by  the  use  of  chalk  and  pure  carbonate  of  lime. 
But  quick-lime  he  found  to  be  much  less  useful.  Boussingault§ 
found  that  caustic  lime  caused  a  loss  of  ammonia  from  garden  soil 
and  a  hindrance  of  nitrification.  Indeed,  an  excess  of  it  in  the  pres- 
ence of  moist  earth  may  induce  putrefaction  and  a  consequent  de- 
struction of  nitrates.  Warington||  found  that  lime  water  was  twice 
as  strongly  alkaline  as  is  desirable  for  the  best  development  of  the 
nitric  ferment.  Very  heavy  limings  have  been  observed  to  materially 
reduce  the  richness  of  vegetation  of  a  soil  for  the  first  year,  but  to 
conduce  to  a  rankness  of  growth  thereafter,  indicating  that  the  lime 
had  meanwhile  been  converted  from  the  caustic  into  the  carbonated 
form.  Bernard,  therefore,  suggests  that  it  is  dangerous  to  apply 
caustic  lime  to  an  already  calcareous  soil,  and  Wollny**  cites  ex- 
periences of  Pichard,tt  WaringtonJJ  and  Dumont  and  Crochetelle§§ 
to  the  effect  that  where  there  is  already  a  tendency  to  alkalinity,  ap- 
plications of  sulfate  of  lime  or  of  potash  would  be  more  helpful  than 
even  the  corresponding  carbonates. 

On  the  other  hand,  Bernard||  ||  notes  that  on  non-calcereous  soils, 
organic  materials,  even  those  so  readily  nitrifiable  as  dried  blood, 
often  fail  to  show  markedly  beneficial  results  and  require,  in  the 
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absence  of  liming,  direct  applications  of  nitrates  or  ammonmm  salts 
to  supply  the  requisite  nitrogen.  Muntz  and  Girard*  observe  that 
the  distinctly  acid  soils  of  Brittany  and  also  the  non-calcareoas 
soils  of  Limousin  set  up  little  nitrification  in  added  fertilizers  unless 
the  latter  can  supply  the  requisite  alkali. 

Kellner  has  observed  that  magnesia  affects  nitrification  favorably, 
but  Winogradsky  was  led  to  prefer  lime  compounds  instead  of  the 
magnesium  salts  he  earlier  used  in  his  culture  fluids  for  the  nitri- 
fying bacteria. 

Nitrogen  in  Soils  Under  Experiment: 

The  observations  upon  the  changes  which  the  nitrogen  in  the  sev- 
eral soils  experimented  upon,  underwent  as  the  result  of  the  several 
treatments,  were  confined  to  Nos.  VI  and  VII. 

In  addition  to  the  determinations  of  moisture,  organic  matter  and 
active  humus  already  discussed,  there  were  determined: 

1.  Total  nitrogen  by  the  official  Scovell-Kjeldahl  method,  working 
upon.  2  g.  of  No.  VI  and  20  g.  of  No.  VII. 

2.  Nitric  and  ammoniacal  nitrogen  combined,  using  the  official 
Ulsch-Street  method,  working  upon  20  g.  of  the  soil. 

3.  Ammoniacal  nitrogen:  20  grammes  of  the  soil  were  distilled 
under  reduced  pressure  with  caustic  magnesia;  enough  of  the  reagent 
was  used  to  make  the  liquid  distinctly  alkaline,  5  g.  being  the  usual 
amount.  It  is  well  known  that  the  accuracy  of  the  method  is  im- 
paired by  the  tendency  of  amids,  if  present  to  liberate  their  nitrogen 
in  the  form  of  ammonia,  when  brought  into  contact  with  alkaline 
earths,  lime  being  more  powerful  than  magnesia.  It  has  been  sug- 
gested that  under  reduced  pressure,  the  latter  reagent  will  not  effect 
so  extensive  decomposition. 

Under  my  direction,  Mr.  W.  S.  Sweetser  distilled  various  amid 
substances  at  ordinary  pressures  and  at  a  pressure  so  reduced  that 
the  boiling  point  of  the  liquid  ranged  from  only  32  degrees  to  38 
degrees  C.  The  amounts  of  ammonia  found  in  the  distillate  are  ex 
pressed  in  terms  of  their  equivalent  of  decinormal  ammonia  solution 
(3.5  g.  ammonium  hydrate  to  the  litre).  O.  P.=Ordinary  pressure; 
V.=In  vacuo: 

TABLE  XIII— Liberation  of  Ammonia  from  Organic  Substances  upon  Distillation. 

Cubic  oentl- 
met«ra  of  N' 
10  ammonia 
•qulTalMit. 

250  distilled  water  with  5  g.  caustic  magnesia, 0.1 

.10  g.  urea,  in  distilled  water  (O.  P.), 1.8 

.10  g.  urea,  in  disrtilled  water  (V.), 1.7 

.10  g.  urea,  in  distilled  water  with  5  g.  caustic  magnesia  (O. 

P.),  2.0 
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Cubic  oentl- 

mmtm  of  N- 

20  ammonia 

•qutvalwit. 

.10  g.  orea,  in  distilled  water  with  5  g.  caustic  magnesia  (V.),  0.4 

.10  g.  uric  acid,  in  distilled  water  with  caustic  magnesia  (V.),      0.6 
.20  g.  asparagin,  in  distilled  water  (V.), 0.5 


Some  loss  occurs  even  on  boiling  in  pure  water  at  reduced  press- 
ures; caustic  magnesia  did  not  appreciably  increase  this  loss. 

4.  Humus  nitrogen  was  separately  determined  in  an  aliquot  por- 
tion of  an  extract  prepared  by  the  Huston-Grandeau  method,  except 
that  3  per  cent,  caustic  soda  instead  of  4  per  cent,  ammonia  water 
was  used  as  the  solvent;  the  Kjeldahl  method  of  nitrogen  determina- 
tion was  used. 

5.  There  are  present  in  the  soil  several  types  of  amid  bodies.  Some 
of  these,  being  acid  amids,  give  up  their  ammonia  when  heated 
with  a  strong  acid.  To  estimate  the  nitrogen  in  this  state  of  com- 
bination, 100  g.  of  the  soil  was  suspended  in  500  c.  c.  of  water,  con- 
taining 15  g.  of  strong  hydrochloric  acid,  and  kept  upon  a  water-bath 
for  forty-eight  hours.  The  total  nitrogen  in  an  aliquot  of  the  care- 
fully filtered  liquid  was  determined  and  the  amid  nitrogen  estimated 
by  subtracting  from  the  amount  of  nitrogen  thus  found,  the  sum  of 
the  nitric  and  ammoniacal  nitrogen.  It  is  not  sure  that  all  the  acid- 
amid  nitrogen  it  recoverable  under  these  conditions,  but  is  believed 
that  most  of  it  should  be. 

Attempts  were  also  made  to  separate  the  nitrogen  present  in  form 
of  amido  acids,  if  any,  by  treatment  with  nitrous  acid;  but  thus  far 
we  have  not  succeeded  in  preparing  a  satisfactory  working  method 
for  such  materials.  The  determinations  in  the  original  soil  were 
made  by  Mr.  W.  S.  Sweetser;  in  the  treated  soils  by  Mr.  M.  S.  Mc- 
Dowell. The  results  obtained  are  given  in  terms  of  the  water-free 
soil. 
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It  is  to  be  remembered  that  here,  as  in  preceding  cases,  the  results 
reported  are  averages  of  several  closely  agreeing  determinations, 
and  that  the  sub-sample  representing  the  ^'original"  soil  probably 
differs  more  from  those  representing  the  results  of  the  several  treat- 
ments than  do  the  latter  from  each  other. 

A  direct  comparison  of  the  oi^iginal^iiiii  fallow  soils  is  not  possible, 
but  some  conclusions  of  value  may  be  had  from  a  comparison  of  the 
proportions  in  which  the  nitrogen  is  represented  in  the  several  classes 
of  compounds  in  the  two  sets  of  samples. 

In  both  the  muck  and  limestone  clay  there  is  a  smaller  proportion 
to  the  total  nitrogen  present  in  ammoniacal  combination.  In  the 
muck,  there  is  a  little  more  present  in  nitric  compounds,  but  in  the 
clay  considerably  less. 

There  is  more  nitrogen  present  in  amid  combination,  whether  by 
reason  of  a  primary  formation  of  ammonia  and  its  subsequent  fixation 
in  that  form,  or  by  direct  transformation  of  other  nitrogenous  organio 
compounds,  it  is,  of  course,  not  possible  to  judge. 

More  of  the  nitrogen  than  is  represented  in  the  amid  compounds 
is  found  in  the  active  humus.  The  proportion  of  the  total  nitrogen 
present  in  the  active  humus  is  less  in  the  fallow  soil  than  in  the 
original  untreated  sample.  Evidently  the  fermentative  changes  oc- 
curring during  the  fallowing  have  resulted  in  making  the  nitro- 
genous substances  of  the  organic  matter  relatively  less  soluble  in 
alkaline  liquids.  This  retrogression  is  particularly  observed  in  the 
cultivated  limestone-clay  soil. 

Comparing  more  closely  the  figures  for  the  fallow  soil  and  those 
receiving  lime  and  magnesia  respectively,  these  facts  appear: 

The  total  nitrogen  in  the  soil  is  slightly  diminished  in  the  limed 
soils  and  those  receiving  magnesia;  this  may  possibly  be  due  to  a 
loss  from  the  ammoniacal  compounds,  which  are  less  in  their  residual 
amount  in  both  lots  of  soil  representing  the  effects  of  these  treat- 
ments than  they  are  in  the  fallow  samples. 

The  nitrates  are  more  abundant,  very  considerably  so,  where  the 
alkaline  earths  were  applied.  In  the  muck,  the  magnesian  treat- 
ment showed  less  nitrates;  in  the  limestone-clay,  more  nitrates  than 
the  lime  treatment. 

In  both  cases  there  was  also  a  marked  decrease  in  the  nitrogen 
present  in  amid  condition,  far  greater  than  the  increase  of  nitrates 
can  counter-balance;  in  other  words,  whether  by  reason  of  appro- 
priation in  the  organism  of  the  ferment  present  or  by  simple  chemical 
change,  the  nitrogen  appears  to  have  reverted  in  part  to  an  even  less 
readily  decomposable  form  than  the  amid  compounds.  This  was 
particularly  true  of  the  muck  soil. 

In  both  cases*  also,  the  "matiere  noire"  contains  more  nitrogen 
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than  is  accounted  for  by  the  amid  compounds  simply.  The  data  afford 
no  information  by  which  we  may  judge  whether  the  amids  are  entirely 
extracted  in  the  "matiere  noire''  or  not.  If  they  are,  the  residual  ni 
trogenous  organic  substances  may  be  further  sub-divided  into  two 
groups:  That  portion  soluble  as  "matiere  noire,"  and  that  part  in- 
soluble in  the  alkaline  solvent. 

It  is  observable,  further,  that  the  "matiere  noire"  from  the  limed 
soils  is  slightly  richer  in  nitrogen  than  that  from  the  magnesian 
treatment. 

In  general,  the  effect  of  both  alkaline  earths  was  to  diminish  the 
active  humus,  and  the  nitrogen,  particularly  that  present  as  am- 
monia, and  to  increase  the  nitrates.  While  lime  acted  somewhat 
more  vigorously  than  magnesia  in  the  two  particulars  first  named, 
there  is  no  certain  indication  as  to  which  was  the  more  potent  in 
favorably  influencing  the  process  of  nitrification. 


Effects  of  Liming  upon  the  Character  of  the  Vegetation  Growing  upon  the 
Treated  Soil. 

It  has  been  a  matter  of  almost  universal  remark  in  localities  where 
liming  is  practised,  that  its  use  is  followed  by  a  very  marked  change 
in  the  character  of  the  vegetation,  particularly  in  the  quality  and 
kind  of  cultivated  crops  and  forage  plants  that  the  soil  produces. 

The  reports  of  correspondents  from  various  portions  of  this  State 
remark  upon  the  greatly  improved  growth  of  forage  plants,  including 
the  valuable  grasses,  but  especially  white  and  red  clovers,  after 
the  application  of  lime;  also,  upon  the  disappearance  of  horse  sorrel 
(red  top,"  as  it  is  called  in  some  localities  of  the  State)  and  of  wild 
blackberries  and  dewberries. 

Heinrich*  notes  the  marked  differentiation  of  the  plants  upon  the 
same  soil,  on  tracts  that  have  been  limed  as  compared  with  tracts  not 
limed.  He  says:  "In  trials  made  upon  a  soil  deficient  in  lime,  one 
portion  of  which  was  limed,  while  another  received  a  dressing  of 
nitrate  of  soda,  both  receiving  equal  quantities  of  mixed  clover  and 
grass  seed,  the  appearance  was  as  though  one  part  (that  which  was 
limed)  had  been  seeded  only  with  clover,  the  other  only  with  grasses. 
Closer  examination  showed  that  both  kinds  of  plants  were  present 
in  each  case,  but  that  the  plant  most  affected  by  the  particular  fer- 
tilizing materials  used  respectively  crowded  out  the  other  plants.  To 
secure  a  mixed  forage  it  is,  therefore,  not  enough  to  seed  with  a 
proper  seed  mixture,  it  is  needful  to  see  that  the  chemical  composition 
of  the  soil  is  such  as  is  adapted  to  the  several  plants." 


•lUrgttl  n.  IfOTseln.  t.  Digitized  by 


Google 


No.  21. 


THE  PENNSYLVANIA  STATE  COLLEGE. 


139 


Flagg,  Wheeler  and  Tucker*  separated  the  several  portions  of  the 
hay  cut  from  plats  that  had  received  different  treatments,  and  that, 
were  laid  out  upon  the  upland,  granitic  sandy  soil  of  the  Rhode  Island 
Station  upon  which  sorrel  grows  luxuriantly;  they  obtained  the  fol- 
lowing portions  by  weight  from  areas  two  feet  square: 


I 


Treatment. 


^ 

^ 

1 

? 

No  nitrogen— limed,    

No  nitrogen— unllmed,    

Dried  blood— limed,  

Dried  blood— unllmed,  

Nitrate  of  soda- unllmed,  ... 
Sulfate  of  ammcmla— unllmed, 


Lba. 

Lbfl. 

Lba. 

8.2C 

0.0« 

0.00 

0.00 

1.86 

Trace. 

S.OO 

1.00 

0.09 

Trace. 

0.96 

0.00 

Trace. 

0.70 

Trace. 

0.00 

1 

8.60 

0.00 

liba. 

Tract. 
0.06 
0.00 
0.06 
0.00 

Trace. 


The  almost  entire  absence  of  timothy  in  all  cases  is  rather  surpris- 
ing, but  the  good  effect  of  liming  upon  the  clover  yield  is  well  shown. 
The  author  says:  "It  appears  probable  that  the  chief  value  of  lime 
in  eradicating  sorrel  is  attributable  to  the  fact  that  it  brings  about 
physical  and  chemical  soil  conditions,  one  or  the  other  or  both  of 
which,  are  so  highly  favorable  to  the  growth  of  clover  and  many  other 
agricultural  plants  that  they  are  able  to  occupy  the  land,  thereby 
preventing  sorrel  from  gaining  a  foothold." 

The  writer  has  frequently  observed  a  very  striking  growth  of  sorrel 
upon  patches  of  land,  the  clover  and  timothy  upon  which  have  failed 
to  make  a  catch,  though  in  other  seasons  the  same  land  shows  very 
little  sorrel,  the  season  having  favored  a  good  stand  of  the  grass 
instead. 

Careful  surveys  of  the  several  plats  used  in  the  rotation  fertilizer 
experiments  of  the  Pennsylvania  Experiment  Station  have  repeatedly 
shown  the  same  phenomenon,  and  have  further  shown  the  pre- 
dominance of  clover  over  timothy  on  the  plats  receiving  lime,  ground 
limestone  or  land  plaster  as  compared  with  those  dressed  with  acidu- 
lated phosphates  and  nitrogen,  the  timothy  predominating,  however, 
on  the  latter. 

Voelckerf  says:  *'Every  (British)  farmer  knows  how  essential  lime 
is  for  the  healthy  growth  of  very  kind  of  produce.  On  soils  destitute 
of  lime,  most  crops,  and  especially  green  crops,  are  subject  to  disease, 
and  "root  crops"  are  apt  to  fail  altogether  on  such  land,  even  if  it 
has  been  liberally  manured  with  dung  or  guano.  Up  to  a  certain 
stage,  grain  and  roots  grown  under  such  conditions  appear  to  thrive 
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well,  but  as  the  season  advances  they  sustain  a  check,  and  at  harvest 
time  yield  a  miserable  return.  The  cure  for  such  failures,  which  are 
not  uncommon  where  poor  sandy  soils  prevail,  is  a  good  dose  of  lime 
or  marl,  and  then,  and  only  then,  dung  or  guano  may  be  applied  to  the 
greatest  advantage.  The  most  liberal  application  of  farm-yard 
manure  of  the  best  quality  never  produces  so  beneficial  and  lasting 
an  effect  on  poor  sandy  soils  as  when  they  have  been  previously  well 
marled  or  limed.'' 

P.  Pichard,t  in  reference  to  the  sandy  soils  of  Brittany  which  are 
rich  in  humus  but  poor  in  lime  and  potash,  says:  ^^The  application 
of  lime  raised  the  yield  of  fodder  beets  from  6,315  kilograms  to  21,627 
and  38,700  kilograms  per  hectare,  or,  in  other  words,  the  yield  was 
quadrupled  and  sextupled.  An  addition  of  plaster  still  further  in- 
creased the  yield." 

Deh^raint  says:  "There  are  certain  of  the  principal  field  crops, 
notably  the  legumes,  which  are  so  highly  benefitted  by  the  presence 
of  lime  that  liming  alone  on  grass  lands,  where  calcareous  matter 
is  deficient,  is  all  that  is  needful  to  secure  a  spontaneous  growth  of 
clover,  the  seeds  brought  there  by  the  wind  prospering  as  soon  as  the 
soil  is  made  favorable  to  it." 

"Limousin  had  been  for  ages  a  miserable  land,  and  it  was  not  trans- 
formed nor  brought  to  the  state  of  relative  prosperity  which  it  now 
enjoys  until  the  time  when  the  construction  of  a  railroad  allowed 
the  introduction,  at  low  cost,  of  lime  from  the  Departement  du  Cher; 
the  culture  of  clover,  unknown  until  now  in  this  granitic  country, 
has  become  possible,  more  numerous  and  better  fed  domestic  ani- 
mals now  supply  enough  manure  to  convert  the  thin  pastures  into 
productive  grass  lands;  the  food  for  an  excellent  race  of  Limousin 
beef  being  assured,  its  breeding  has  made  rapid  progress  and  the 
sale  of  the  young  animals  has  become  a  source  of  large  profit  to  both 
land  owners  and  tenants." 

"In  moist  grass  lands  the  use  of  lime  has  a  remarkable  effect;  I 
have  more  than  doubled  the  yield  from  the  grass  lands  of  FAvre, 
belonging  to  the  city  of  Paris,  by  treating  them  with  lime  or  plaster, 
in  addition  to  a  small  quantity  of  nitrate  of  soda." 

Heinrich§  says:  *Totatoes  and  rye  grow  well  even  when  the  soil 
is  too  poor  in  lime  for  other  crops.  Large  yields  may  still  be  obtained 
from  soils,  particularly  when  they  are  well  cultivated,  even  though 
their  lime  content  has  fallen  to  0.05  per  cent." 

"Oats  and  barley  have  a  somewhat  higher  lime  requirement  than 
rye  and  potatoes." 

"Peas  and  vetches  grow  quite  well  upon  a  soil  having  0.10  per 
cent.,  but  fail  entirely  upon  poorer  soil." 


•Mergel  u.  Mergcln,   7. 
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"Red  clover  yields  well  with  0.1  to  0.12  per  cent.;  with  less  than 
0.1  per  cent.,  it  fails  completely,  and  yields  best  when  the  soil  con- 
tains at  least  0.2  per  cent,  of  lime." 

"Of  all  crops,  alfalfa  responds  best  to  lime." 

On  the  other  hand,  he  says:t  "Lime  as  calcium  carbonate  injuri- 
ously affects  the  growth  of  lupins  when  it  is  present  to  the  amount 
of  0.46  per  cent." 

Wheeler  and  Tuckert  have  conducted,  for  several  years,  compara- 
tive tests  of  the  growth  of  a  great  variety  of  plants  upon  soils  receiv- 
ing each  year  a  basal  mixture  of  dissolved  bone-black,  muriate  of 
potash  and  nitrate  of  soda,  and,  in  1895  and  1896,  200  lbs.  per  acre 
of  sulfate  of  magnesia;  part  receiving  no  lime,  the  rest  5,400  lbs. 
per  acre  in  1893, 1,000  lbs.  per  acre  in  1894,  none  in  1895.  The  rela- 
tive yields  from  the  limed  soil  for  the  several  years  are  given  below, 
the  corresponding  yield  on  the  unlimed  soil  being  taken  as  1: 


Yields  of  Various  Plants  after  Llmln«r. 


- 

isn. 

IBM. 

1886. 

18M 

Oraaaes. 
Awnleea  Brome  Grass. 

1.66 
1.80 
1.10 
1.09 
1.1« 
1.17 
0.90 
0.00 
1.01 
0.89 
1.24 

1.81 

KftTitudcv  Blue  Grafts .«••.•••••••••••••••• 

1  tl 

Meadow  Fox-tail     

M^iidow  Oat  OrftSfl       •...■•••.•■.*.*. it TttT*** t 

l.li 

Red  Top    

0  94 

Rhode  Tflland  Bent    

1  18 

l'.61 

Soft  Grass.  -. 

1  17 

Sweet  Vernal 

Tftll   Pescud • ••• •• 

Timothy 

1.81 

Iieinimlnoas  Forage  Crops. 
Alfalfa  Hst  croo) 

8.88 
1.49 

Alfalfa  (2d  croo) 

Bean,  Soja 

1.0« 
0.88 
O.tt 
0.94 

Bean    White  Podded  Adzuki     

0.8» 
0.47 
0.80 
1.86 

Blue  LfUDln#     ••• • •••.•••••••••••••••••••••••••• 

O.fl 

#77 

Cow    PMti     

Clover,  Crimson 

1.68 

Clover    Bed 

1.70 

Serradella     

0.69 
0.88 

Millets. 
Panlcnim  cruss-ffalli 

1.81 
1.04 
O.W 
0.92 

Golden 

0.87 

Hunirarlan 

Italian.    

German,    

o!io' 

top.  Ht.,  88.   . 
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Yields  of  Vajlous  Plants  after  Liming— Continued. 
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IBM. 


1896. 


UM 


Barley 

Buckwheat,    

Corn,  Dent 

Corn,  White-capped, 

Corn,  Pop,   

Corn,  Sweet,    

Corn,  Field 

Oats 

Rye,   Sprlnff 

Wheat,   Bprlng,    


Grains. 


VeseUbles. 

Bean,  Common  White,  

Bean,  Golden  Wax 

Beet.  French  Suyar 

Beet,  Golden  Tankard 

Beet,  Eclipse  Table 

Beet.  Mangel,  Long  Red 

Beet,  Mangel,   Globe 

Beet,  Mangel,    

Brussels  Sprouts,   

Cabbage,  Late 

Cabbage,  Early 

Carrot,  Victoria 

Carrot,  Mastodon,    

Carrot,  Long  Orange 

Carrot,    Danvers,    

Carrot.  White 

Carrot 

Cauliflower 

Celery '. 

Cucumber,    

Dandelion,    

Egg  Plant 

Gumbo 

Kale 

Kohl  Rabi 

Lettuce 

Marty  nla 

Muskmelon 

Onion,  Red 

Onion.  Yellow 

Onion,    Barletta 

Onion,  Egyptian 

Parsnep 

Pea,  Granger,   

Pea,  Garden,   

Peanut,    

Pepper,     

Potato,  Early  Rose 

Potato,  Beauty  of  Hebron,  

Pumpkin,    

Radish,  Long  Scarlet,  

Radish,  French  Breakfast 

Salsify 

Spinach 

Tomato,   

Turnip,  Ruta  Baga 

Turnip,  Purple  Top,    

Turnip,  Early  Red  Top 

Turnip.  Flat 

Watermelon,    


Miscellaneous  Plants. 

Gladiolus 

Jerusalem  Corn 

Kaffir  Corn 

Rape 

Sorghum 

Sorrel 

Sunflower,    

Tobacco 


1.8D 

1.65 
1.17 
0.71 
1.66 

2.07 


1.26 
1.18 


0.84 


12.17 
10.76 
7.78 
7.68 


2.87 
1.28 
1.78 
1.76 


1.61 


77.98 


1.68 


1.08 


24.76 
1.40 
1.68 


2.41 
8.40 


1.09 


2.06 
1.68 


l.U 
0.61 
1.09 
1.06 
1.40 


0.88  . 
1.68 
11.00 


6.36 
6.77 
8.21 


1.57 
4.60 
1.24 


0.87 
0.74 
1.18 


8.70 
9.42 
8.02 
1.08 
8.76  ! 

11.88 
1.16 
1.69 

10.00 
2.84 
4.70 
9.00 
8.12 
7.88 

81.00 
6.99 


1.66 
2.68 
2.74  I 
1.06  I 
1.67 
0.66  I 
1.87  I 
0.87 
9.60 
61.00 
1.48 
1.46 
1.29 
1.16 


0.64 


1.97 
2.90 
0.86 
1.42 
4.62 


8.68 


t.66 


1.06  . 

1.89  . 

1.06  L 

1.07  I. 
0.76  I 
1.91  |. 


1.88 


1.84 


4.96 
*i!70* 


6.78 


1.96 


t.67 


iiieo' '.!...!!!!!.. 

i.74                2.83 

'"'"""  ]l. /*.',**["** 

1.60    

t.46    

1 

i 

6.80 


1.84 
0.66 


0.82 


20.60 


0.87 


Almost  without  exception  the  grasses  have  shown  benefit  from 
liming;  among  the  millets,  in  only  two  cases  out  of  seven;  among  the 
grains,  barley,  buckwheat  and  wheat  have  shown  much  more  benefit 
than  corn  (with  a  curious  exception  in  the  case  of  sweet  com),  oats 
or  rye;  among  the  leguminous  forage  crops  there  is  a  very  strange 
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contrast,  already  noted  by  Heinrich  and  others:  while  the  clovers 
and  alfalfa  exhibit  a  very  marked  advantage  from  liming,  the  soja 
bean  shows  none  and  the  blue  lupine*  serradella,  cow  pea  and  white 
podded  adzuki  bean  show  most  marked  injury.  Among  the  vege- 
tables there  was  a  very  general  improvement,  except  in  the  case  of 
the  watermelon  and  of  some  specimens  of  pumpkin,  carrot  and 
radish;  beets,  celery,  gumbo,  lettuce,  onions  and  spinach  were  most 
advantageously  affected.  Among  miscellaneous  plants,  sorghum 
and  tobacco  were  most  favorably,  horse  sorrel  and  the  gladiolus  un- 
favorably affected. 

Salfeld*  and  Wheelerf  incline  to  the  opinion  that  the  injury  to  the 
lupine  and  other  legumes  is  not  direct,  but  rather  upon  the  minute 
organisms  forming  the  nodules  on  the  roots  of  such  plants. 

Influence  upon  Insects  and  Injurious  Fungi. 

Concerning  its  influence  on  hurtful  insects  and  fungi,  Storert 
says:  "Slaked  lime  is  regarded  as  a  cure  for  some  hurtful  fungi.  The 
liming  of  seed  grain  to  destroy  the  fungus  which  causes  'rust,'  or 
*smut,'  has  long  been  usual.  The  use  of  lime  upon  turnips,  as  check 
to  the  finger-and-toe  disease  has  been  mentioned;  and  I  can  myself 
bear  witness  that  I  have  grown  exceptionally  fair  and  smooth  ruta- 
bagas during  three  consecutive  years  upon  limed  land  at  the  Bussey 
Institution,  though  no  farmer  in  the  vicinity  would  venture  to  try  to 
grow  turnips  year  after  year  on  any  one  field,  because  of  their  lia- 
bility to  the  disease  called  *club  foot'  *  *  It  is  not  improbable 
•  *  *  that  some  part  of  the  good  done  by  the  lime  may  be  due 
to  the  destruction  of  insects  and  their  larvae,  as  well  as  earth-worms 
and  worms  of  other  kinds,  and  fungi  of  various  sorts.  Indeed,  lime- 
water,  lime  and  mixtures  of  lime  and  salt  (or,  better  yet,  of  lime  and 
muriate  of  potash)  are  often  purposely  used  by  gardeners  for  destroy- 
ing slugs  and  worms;  and  there  are  good  reasons  for  believing  that 
lime  might  often  be  applied  to  the  soil  with  advantage  in  farming 
practice  also  on  this  account." 

The  voluminous  literature  of  the  American  Experiment  Stations 
gives  many  observations  in  confirmation  of  Storer's  opinion^  though 
lime  cannot  be  regarded  as  an  universally  applicable  remedy. 
It  absolutely  favors  the  potato  scab  fungus,  and  potatoes  grown 
on  limed  soil  from  scabby  seed  are  usually  very  greatly  roughened 
by  the  exceptional  growth  of  the  scab  under  such  conditions. 

Ldme  Supposed  to  Act  Chiefly  as  Carbonate: 

Does  the  lime  act  in  the  soil  in  the  caustic  or  in  the  carbonated 
form? 

^Dle  Boden  Impfonv,  pp.  79-81 
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There  is  considerable  doubt  upon  this  question.  Recognizing 
the  general  tendency  of  lime  to  take  up  carbonic  acid  promptly  by 
the  process  of  air-slaking  and  considering  the  fine  sub-division  of  the 
slaked  lime  as  it  reaches  the  soil,  and  the  facts  that  the  air  of  the 
soil  is  commonly  much  richer  in  carbonic  acid  than  is  the  general 
atmosphere  and  that  the  fermentative  destruction  to  which  the 
humus  and  other  organic  matters  of  the  soil  are  increasingly  sub- 
jected through  the  influence  of  the  added  lime,  must  temporarily  tend 
to  a  still  greater  proportion  of  carbonic  acid  in  the  soil  air,  it  is  gen- 
erally conceded  that  the  lime  must  be  carbonated  almost  immediately 
after  it  is  spread  and  harrowed  in. 

Storer*  says:  "It  is  not  to  be  supposed  that,  in  the  field,  reactions 
due  to  the  causticity  of  the  lime  can  go  on  for  any  long  period."  He 
th^n  gives  reasons,  similar  to  those  of  the  preceding  paragraph,  for 
this  belief.  "The  action  of  the  carbonate  of  lime,  when  formed,  will 
not  differ  essentially  from  that  of  marl,  or  powdered  limestone." 

Mayerf  also  makes  a  very  similar  statement. 

Influence  of  Fineness  of  Carbonate : 

R.  Heinrich,t  going  upon  the  above  theory,  claims  that  the  lime 
changes  almost  immediately  after  its  application  to  the  soil,  to  the 
carbonate;  the  greater  effect  of  burnt  lime,  as  compared  with  pul- 
verized chalk,  limestone  and  other  lime  carbonates,  is  supposed  to  be 
due  not  to  its  causticity,  but  to  the  finer  sub-division  of  the  car- 
bonate which  is  formed  from  it.  To  show  the  influence  of  fineness 
upon  the  effective  action  of  calcium  carbonate,  this  investigator  grew 
peas  and  alfalfa  in  a  series  of  pots;  the  sandy  soil  used  contained 
only  0.091  per  cent,  of  lime;  the  pots  in  most  of  the  series  received  a 
basal  manure  containing  potash  and  phosphoric  acid,  and  four  sets 
received  a  further  addition  of  finely  pulverized  Carrara  marble,  of 
different  degrees  of  fineness,  graded  by  sifting,  the  quantity  added 
in  each  instance  being  equal  to  0.5  per  cent,  of  the  weight  of  the  soil. 
Letting  the  maximum  yield  be  represented  by  100,  the  several  crop 
yields  were  relatively  as  follows: 

•Op.  ciL,  n,  16L 
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Treatment. 


Alfafa. 


Unfertilized '. 

Basal  fertilizer  alone,  

Fertilizer  and  maible,  grains  1.6  to  2  mm.  diameter 

Fertilizer  and  nmrble,  grains  1.0  to  1.5  mm.  diameter.  .. 
Fertilizer  and  marble,  grains  0.6  to  1.0  mm.  diameter,  .. 
Fertilizer  and  marble,  grains  less  than  0.6  mm.  diameter, 


M.t 

0 

47.1 

0 

66.7 

69.2 

80.1 

78.6 

90.2 

lOO.O 

100.0 

100.0 

In  other  .words,  the  carbonate  in  grains  of  0.06  to  0.08  inches 
diameter,  was  scarcely  more  than  half  as  efficient  as  that  of  about 
half  that  diameter,  the  surface  exposed  to  the  action  of  solvents 
being  four  times  greater  in  the  latter  case,  assuming  an  equal  distri- 
bution of  the  particles  in  each  instance. 

A.  Bernard*  suggests  that  the  efficiency  of  the  lime  compound  de- 
pends not  solely  upon  its  nature  and  fineness  of  sub-division,  but  also 
upon  the  relation  between  its  effective  surface  and  that  of  other  soil 
constituents  present;  thus  clay,  being  more  finely  divided  than  sand, 
would  more  largely  modify  the  action  of  the  lime  than  would  sand. 

Comparative  Effects  of  Caustic  and  Carbonated  Lime: 

It  is  further  asserted  that  in  many  ways  the  actions  of  the  caustic 
lime  and  the  carbonate  are  almost  precisely  alike. 

Thus,  to  test  their  relative  efficiency  in  liberating  alkalies  from  a 
soil,  Heinrichf  exposed  200  grammes  of  soil  and  of  mixtures  of  the 
soil  with  caustic  lime  and  calcium  carbonate  in  quantities  equivalent 
to  0.5  per  cent,  of  calcium  oxid  for  each  100  parts  of  soil.  Water  to 
the  amount  of  750  c.  c.  was  used,  and  where  carbonic  acid  was  em- 
ployed it  was  led  into  the  liquid,  already  mixed  with  the  soil,  for 
one  hour  at  the  beginning  of  the  period  of  twenty-four  hours,  during 
which  the  solvent  acted  in  each  case.  The  results  are  expressed  in 
the  weight  of  alkaline  sulfates  found  in  the  liquid  for  each  100 
grammes  of  soil  used : 


Treatment. 


L  Pure  water 

2.  Pure  water  with  carbonic  add 

8.  Pure  water  with  caustic  lime 

4.  Pure  water  with  caustic  lime  and  carbonic  acid,  

6.  Pure  water  with  carbonate  of  lime 

C  Pure  water  with  carbonate  of  lime  and  carbonic  add. 


O.Otl 
0.088 
0.048 
0.066 
0.046 
0.060 


•Le  Calcalre,  6M1 
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That  is,  the  caustic  lime  and  the  carbonate  were  of  equal  effective- 
ness under  like  conditions  of  action. 

Dietrich*  had,  much  earlier,  made  a  similar  investigation,  exposing 
soils  and  pulverized  rocks  for  three  months  to  the  action  of  distilled 
water  with  (1)  caustic  lime,  (2)  calcium  carbonate,  (3)  calcium  car- 
bonate and  carbonic  acid.  Two  hundred  grammes  of  the  material, 
from  which  readily  soluble  matter  had  first  been  removed  by  repeated 
washing,  were  used  with  150  c.  c.  of  water;  the  lime  used  equalled  1 
per  cent,  of  the  soil,  the  calcium  carbonate  2  per  cent.  The  carbonic 
acid  waB  added  to  saturation  and  four  times  renewed  during  the  ex- 
periment. The  alkalies  made  soluble  are  expressed  as  chlorids,  in 
grammes: 


lUUrial. 


I! 

3^ 


Basalt,  freshly  broken,  moderately  fine, 

Porphyry,    

Loam  rich  In  humus.  

Ix>am  rich  in  humus,  burned 


Qrammea. 

0.144 

0.067 

O.OW 

Trace. 

0.02t 

0.014 

0.024 

0.028 

Qrammes. 
0.154 
0.011 

e.on 

0.Q2B 


In  this  experiment,  the  carbonate  was  markedly  inferior,  except  in 
case  of  the  burned  loam;  with  the  aid  of  carbonic  acid,  however,  its 
action  was  equal  to  that  of  the  caustic  lime.  There  is  no  satisfactory 
information  concerning  the  fineness  of  the  carbonate,  however,  so  that 
the  inferior  action  of  the  latter  may  be  due  to  its  coarseness  rather 
than  to  its  chemical  inactivity. 

The  sulfate  is  said  to  be  more  potent  than  caustic  lime  in  con- 
verting anhydrous  silicates  to  the  more  available  forms. 

It  has  already  been  observed  that  the  mild  carbonate  of  lime  is 
readily  attacked  by  humus  acids,  so  that  it  serves  well  the  purpose  of 
correcting  soil  acidity;  also,  that  it  more  favorably  affects  nitrifica- 
tion than  does  caustic  lime;  and,  very  possibly,  the  same  may  be 
true  of  the  other  bacterial  actions  constantly  occurring  in  the  soil. 
Furthermore,  if,  as  some  aver,  the  flocculating  action  of  lime  be 
really  due  to  a  solution  of  acid  calcium  carbonate,  the  carbonate 
should  equally  well  promote  the  improvement  of  heavy  clay  soils. 

To  secure  more  direct  testimony  as  to  the  eventual  net  result  of 
the  various  reactions  set  up  in  the  soil  by  the  application  of  lime  in 
the  caustic  or  the  carbonated  condition,  Henirichf  carried  on  an  ex- 

•J.  prak.  Chem.,   74,   12;  Jb.  Agr.  Chem.,   1,  14. 
top.  cU.,  n. 
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periment,  using  the  same  soil  and  basal  manure  as  were  employed  by 
him  in  the  previously  deficribed  experiment  made  to  determine  the 
influence  of  the  fineness  of  the  carbonate  upon  its  efficiency.  In  addi- 
tion to  the  basal  manure,  enough  of  the  several  calcareous  compounds 
was  added  to  furnish  calcium  oxid  equivalent  to  0.5  per  cent,  of  the 
soil.  The  relative  weight  of  peas  and  alfalfa  secured  are  given  below, 
100  standing  for  the  maximum: 


Treatment. 


Alfafa. 


1.  No  fertllixer 

X  Baial  fertlllMr.    

t.  Marly  loam  from  Luplts  (contains  8.46  per  cent.  lime). 

4.  Commercial  precipitated  shells  (contains  64.89  per  cent  lime),  ... 
6.  Wiefeenkalk  (contains  S2.14  per  cent.  lime),   used  In  fresh,  soft 


state. 


«.  (Rustic  lime,  powder,  prepared  from  marble 

7.  Chalk  lime  (LUnebors  manure),   (61  per  cent,  lime), 

8.  Coral  chalk  (64.9  per  cent,  lime  In  dry  substance),  ... 

9.  White  Carrara  marble,   

10.  Precipitated  chalk  from  su^ar  factory,  


e 
• 

IT 

71 

100 
79 
80 
84 

r 

18 


The  carbonates  were  finely  powdered  and  passed  through  a  very 
fine  sieve  before  application. 

In  both  cases  higher  results  were  obtained  from  certain  carbonates 
than  from  the  caustic  limes. 

On  the  other  hand,  the  caustic  action  of  lime  as  a  fungicide  or 
vermicide,  can  not  be  performed  by  the  carbonate.  Laboratory  ex- 
periments also  indicate  a  far  less  vigorous  direct  chemical  action  by 
the  carbonate  than  by  the  caustic  compound  in  decomposing  organic 
matters. 

General  experience,  especially  upon  heavy  soils,  leads  to  a  decided 
preference  for  the  burnt  lime.  Loudon*  says:  "The  effect  of  powder- 
ed limestones  *  *  *  as  a  manure  *  *  *  is  so  much 
inferior  to  that  of  burnt  lime  that  they  have  long  since  been  laid 
aside." 

But  this  may  be  due  solely  to  the  fact  that  it  is  not  practicable  to 
secure  by  purely  mechanical  means  so  fine  a  state  of  sub-division  as 
that  which  is  attained  by  burning  and  slaking. 


Lime  in  Mass  Not  Completely  Carbonated: 

Reasoning  by  analogy  from  the  rate  at  which  lime  air-slakes  in  the 
heap,  it  is  almost  necessary  to  assume  that  lime  can  not  long  remain 


^Encyclopedia  of  Acrlculture.  |  887. 
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caustic  after  it  has  been  spread  and  worked  into  the  soil  in  a  finely 
divided  state.  It  is  true,  though,  that  compact  lumps  or  masses  of 
calcium  hydrate,  once  their  surfaces  are  carbonated,  change  very 
slowly  through  their  interior  portions.  Thus,  Reid  states  that  upon 
examining  mortar  used  several  centuries  since  in  the  construction  of 
certain  European  buildings,  the  interior  portions  of  the  mortar  were 
found  to  exist,  even  yet,  in  an  uncarbonated,  caustic  condition. 


Condition  of  Lime  and  Magnesia  in  Treated  Soils  Under  Experiment: 
To  secure  direct  evidence  upon  the  state  of  combination  of  the 
lime  and  magnesia  at  the  end  of  the  experiments  made  in  our  labora- 
tory and  to  further  examine  into  the  allegation  that  magnesium  lime 
may  owe  its  sometimes  injurious  action  to  the  slower  rate  of  its  car- 
bonatation,  a  careful  determination  of  the  amounts  of  carbonic  acid 
present  in  the  soils  treated  with  lime  and  magnesia  was  made  by  Mr. 
C.  W.  Norris  by  the  method  previously  used  upon  the  original 
soils.    The  results  were  as  follows: 


TABLE  XV— Pcrcentagre  of  Carbonic  Acid  in  Treated  Soils. 


Soils. 

Lime 
treat- 
ment. 

MagnesU 
treat- 
ment. 

I,  

O.I07 
0.16t 
•.tS8 

o.m 

0.110 

o.ot» 

O.Mt 

o.iss 
o.m 

O.OM 

n 

0.04C 

m  ::;::::::;:::::: 

•.MS 

rv,  

S.MO 

V , 

O.OW 

VI 

O.OM 

VII 

0.06S 

vm, 

O.OIS 

DC 

O.Ott 

Using  these  percentages  and  those  obtained  for  the  original  soils, 
and  correcting  for  the  differences  in  soil  moisture,  but  neglecting,  as 
inconsiderable,  any  changes  in  weight  the  soils  might  have  undergone 
from  other  causes,  the  percentages  of  the  added  lime  and  magnesia 
that  had  become  converted  to  carbonates  by  the  end  of  the  experiment 
are  estimated  to  be  as  follows: 
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TABLE  XVI— Percentage  of  Alkaline  Elarths  Carbonated  in  the  SoiL 


Sons.  ;      treat- 


I. «.•  IS.1 

n ti.7  i.t 

III.  »-t  l».l 

IV U^  M.f 

V n.t  • 

VI. •  • 

vn.  <i.i  T.i 

vni St.*  • 

IX 21.5  • 


In  those  cases  marked  with  a  star,  less  carbonic  acid  was  found 
at  the  end  than  at  the  beginning  of  the  experiment.  After  ten 
months  in  thorough  admixture  with  soils  more  or  less  supplied  with 
humus,  less  than  half  the  lime  had  combined  with  carbonic  add,  in 
all  but  one  soil.  In  the  muck  soil  there  was  no  more  carbonic  acid 
than  at  the  outstart. 

Concerning  the  conditions  of  these  experiments  it  may  be  re- 
marked that  the  lime  did  not  lie  exposed  upon  the  surface  of  the  soil 
for  any  length  of  time,  nor  was  the  contact  of  the  soil  with  carbonio 
acid  from  the  air  so  complete  as  would  be  the  case  in  an  open  field. 
On  the  other  hand,  however,  the  lime  was  very  finely  sub-divided 
and  well  distributed  through  soils  in  which  there  was  considerable 
decay  of  humus  during  the  progress  of  the  experiment,  such  as  is 
supposed  to  furnish  carbonic  acid  in  abundance. 

The  evidence  favors  the  belief  that  the  conversion  of  caustic  lime 
to  carbonate  in  the  soil  may  be  much  less  rapid  than  has  been 
heretofore  assumed.  It  does  not.  however,  show  positively  the 
state  of  combination  in  which  the  uncarbonated  lime  exists. 
Some  of  it  is  doubtless  affiliated  with  the  silicates,  humates  or  nl- 
mates,  nitrates  and  phosphates  of  the  soil,  but  considering  the  rela- 
tively large  quantity  applied,  it  is  difficult  to  conceive  that  a  VCTy 
large  fraction  has  not  remained  in  caustic  condition. 

Magnesia  Less  Readily  Carbonated: 

As  for  tl^  magnesia,  it  evidently  carbonates  much  less  readily 
than  the  lime,  and  the  inference  that  the  evil  effects  sometimes  ob- 
served after  its  application  in  magnesian  limes,  may  be  due  to  its 
persistent  causticity,  is  strongly  supported. 
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SUMMARY  OF  RESULTS  OF  THE  PENNSYLVANIA  EXPERIMENTS. 


1.  Most  of  the  soils  contained  a  moderate  amount  of  lime,  only  two 
being  strikingly  deficient. 

2.  All  but  one  contained  more  magnesia  than  lime. 

3.  No  effect  upon  the  moisture  relations  followed  the  use  of  lime. 
Very  probably  the  failure  to  discover  such  effect  is  due  to  a  faulty 
preparation  of  the  soil  for  observation. 

4.  Liming  was,  in  all  cases,  followed  by  increased  availability  of  the 
potash,  sometimes  to  nearly  50  per  cent,  of  the  original  amount  avAil- 
able. 

5.  A  similar  increase  in  available  phosphoric  acid  accurred  in  all 
but  one  soil. 

6.  In  four  of  the  soils  acidity  was  evident,  so  that  some  of  the 
benefit  derived  in  practice  from  liming  these  soils  is  attributable  to 
the  neutralization  of  the  acid. 

7.  There  was  less  loss  of  total  organic  matter,  but  more  loss  of 
active  humus  as  the  result  of  liming  compared  with  fallowing. 

8.  Liming  resulted  in  a  diminution  of  the  nitrogen,  from  loss  of 
ammonia  in  all  probability;  a  marked  increase  in  nitrates  and,  in 
one  soil,  of  nitrogen  in  other  organic  compounds  than  the  amids.  The 
nitrogen  in  the  form  of  amids,  in  one  soil,  and  of  active  humus  suf- 
fered a  decided  decrease. 

9.  At  the  end  of  ten  months,  much  less  than  50  per  cent.,  on  the 
average,  of  the  added  lime  had  turned  to  carbonate. 

10.  As  for  the  magnesia,  it  liberated  potash  as  freely  as  did  lime, 
on  the  average;  was  even  more  influential  than  lime  in  its  average 
effect  in  rendering  the  phosphoric  acid  more  assimilable;  an  even 
smaller  quantity  would  suffice  of  magnesia  than  of  lime  as  a  correc- 
tive of  acidity;  it  affected  total  organic  matter  and  matiere  rwire 
in  manner  and  degree  like  lime,  as  also  it  did  the  various  nitrogenous 
compounds,  except  that  ammonia  was  more  abundant  in  its  presence. 
It  carbonated  very  much  less  readily  than  lime. 

So  that,  in  general,  its  functions  in  the  soil  are  very  similar  to 
those  of  lime.  It  is  only  when  it  is  applied  in  large  quantity  so  that 
it  may  keep  the  soil  too  highly  alkaline  for  a  long  period  or  may,  in 
some  other  manner,  act  poisonously  upon  the  plant  in  the  absence 
of  a  proper  proportion  of  lime,  that  ground  is  given  for  objection  to 
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its  use.  Moderate  applications  of  most  of  the  magnesian  limes  of 
Pennsylvania  can  be  made  without  fear  when  liming  is  indicated  as 
desirable. 


Vn.    THE  PRACTICE  OF  LIMING. 


CIRCUMSTANCES  SUGGESTING  THE  USB  OF  LIME. 

It  is  not  possible  to  indicate  certainly  all  cases  in  which  liming 
is  admissible.  Its  use  is  clearly  suggested  as  needful,  sooner  or  later^ 
upon  light  uplands  whose  characteristic  vegetation  shows  that  lime 
is  not  abundant;  when  soils  are  acid,  whether  from  the  oxidation 
of  sulfids,  from  the  residues  of  fertilizers  or  from  humus;  when  clay 
soils  become  too  adhesive;  when  swamp  lands  are  to  be  brought 
rapidly  into  bearing  (in  both  these  last  named  cases,  draining  must 
precede  liming  to  secure  the  full  eflQcieucy  of  the  latter).  It  will  be 
helpful  when  heavy  sod,  a  large  green-manuring  crop  or  a  heavy  dress- 
ing of  very  strawy  manure  is  to  be  turned  under,  especially  in  a 
soil  deficient  in  lime  or  magnesia;  in  these  cases  a  good  distribution 
of  the  lime  in  contact  with  the  decaying  vegetable  matter  should,  in 
one  way  or  another,  be  secured.  When  clover  persistently  fails,  a 
moderate  liming  is  suggested  as  a  possible  necessity  before  securing 
a  good  growth.  It  is  clearly  indicated  on  lands  where  turnips  suffer 
from  the  "finger-and-toe"  disease,  but  should  be  avoided  where  po- 
tatoes are  to  follow  soon  in  the  rotation.  Where  lime  is  cheap,  it 
may  prove,  for  a  time,  the  cheapest  means  of  securing  available 
potash,  by  its  action  upon  the  unavailable  supply  already  present  in 
the  soil.  On  soils  relatively  rich  in  iron  and  requiring  the  use  of 
phosphatic  fertilizers,  a  moderate  dressing  of  lime  before  the  time  of 
fertilizing  will  greatly  increase  the  duration  of  effect  of  the  phos- 
phate. 

On  the  other  hand,  liming  alone  is  insufficient  on  poor  lands;  they 
may  respond  well  for  a  brief  time,  but  are  soon  exhausted  of  the  ma- 
terials upon  which  lime  can  react.  On  such  lands,  heavy  manuring 
must  go  hand  in  hand  with  liming.  Indeed,  even  on  lands  of  good 
heart,  care  must  be  taken  to  maintain  the  humus  supply  when  liming 
is  constantly  practised. 

FREQUENCY  OF  LIMING. 

As  to  the  frequency  of  liming,  circumstances  must  somewhat  de- 
termine.   A  single  heavy  dressing  of  lime  may  correct  the  undue  plas- 
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ticity  of  a  clay  and  retain  it  in  a  flocculated  condition  for  many  yeara, 
particularly  when  it  is  tilled  with  judgment;  later,  light  dressings 
applied  at  not  too  great  interval,  will  suflice  to  retain  the  desirable 
texture  indefinitely.  For  the  correction  of  acidity  a  single  heavy 
dressing  may  suflice  for  years.  Where,  however,  the  immediate 
breaking  down  of  vegetable  matter  is  desired,  an  application,  at  the 
time,  of  a  properly  adjusted  quantity  of  lime  would  seem  advisable. 


QUANTITY  TO  BE  APPLIED. 

As  to  the  quantity  of  lime  applied:  this  must  depend  upon  the  fre- 
quency of  the  application,  as  well  as  upon  the  purpose  sought  to  be 
accomplished.  In  correcting  the  plasticity  of  a  heavy  clay,  or  the 
acidity  of  a  soil,  or  in  preparing  new  land,  rich  in  humus,  for  some  in- 
tensive culture  such  as  onion  growing  or  celery,  the  first  dressing  may 
need  to  be  heavy.  An  application  of  upwards  of  100  bushels  of  slaked 
lime  would  doubtless  prove  economical  in  a  few  such  cases.  Good 
results  have  attended  the  use,  in  such  circumstances,  of  as  m'uch  as 
500  bushels  of  slaked  lime;  but  it  is  rare  that  better  growth  is  ob- 
served where  the  lime  was  thickly  spread,  near  the  heap  or  wagon, 
than  where  it  lies  more  thinly  upon  the  ground  at  the  points  more 
remote  from  the  center  of  distribution.  In  general,  it  would  be  wise 
to  prove  by  actual  test  that  more  than  100  bushels  actually  gives 
a  paying  result  over  and  above  that  yielded  by  the  smaller  dressing, 
before  going  to  the  expense  of  the  heavier  application.  As  lime 
does  not  retain  its  maximum  efficiency  for  a  very  long  time,  bb  it 
is  among  the  substances  more  easily  removed  from  the  soil  by  drain- 
age and,  particularly,  as  it  tends  to  pass  quickly  into  the  sub-soil 
while  its  effects  are  chiefly  sought  in  the  surface  soil,  lighter  dressings 
at  more  frequent  intervals  are  more  likely  to  produce  an  economical 
result  than  very  heavy  dressings  at  longer  intervals.  Indeed,  it  may 
safely  be  stated  as  a  rule  applicable  to  most  cases,  that  when  the 
soil  has  already  been  brought  into  fair  condition,  an  application  of 
fifty  bushels  or  even  less  will  suffice  to  maintain  heavy  lands  in  good 
tilth  and  fertility  if  made  once  in  six  to  ten  years.  On  lighter  soils, 
under  like  conditions  otherwise,  the  dressing  may  often  show  its 
maximum  benefit  if  no  greater  than  twenty-five  bushels.  For  light 
lands  especially,  is  the  maxim  of  very  light  dressings  made  more 
frequently,  to  be  adopted.  The  dressing  should  be  larger,  the  deeper 
the  surface  soil. 

WHEN  TO  LIME. 

For  special  purposes,  the  time  for  liming  indicates  itself — as  in 
correcting  some  injurious  condition  of  the  soil,  such  as  adhesiveness 
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or  acidity,  or  as  in  tlie  preparation  of  new  land  for  use,  or  as  in  the 
top  dressing  of  a  permanent  meadow  wlien  clovers  are  failing. 

But  some  plants,  as  Wheeler*  has  remarked,  are  especially  liable 
to  injury  from  the  effect  of  caustic  lime,  and  its  use  just  before  their 
planting  is  not  commendable  unless  circumstances  compel  it;  such 
crops  are  Indian  corn,  rye  and  millet.  On  the  other  hand,  certain 
crops,  such  as  beets,  lettuce,  spinach,  celery,  cauliflower,  kohl  rabi, 
onions,  muskmelon,  cantaloupes,  salsify,  cabbages,  cucumbers,  etc., 
seem  to  thrive  especially  well  immediately  after  a  liming.  For  the 
general  purpose  of  maintaining  in  the  soil  an  adequate  supply  of 
calcium  carbonate,  with  all  its  attendant  advantages  and,  at  the 
same  time,  of  gaining  the  maximum  immediate  advantage  upon  that 
crop  in  our  general  rotations  that  most  fully  responds  to  lime,  it  is 
believed  that  the  use  of  a  small  quantity  when  seeding  down  or,  in 
some  ways  even  better,  as  a  top  dressing  upon  the  clover  in  wheat  oi 
oats  stubble,  will  give  the  largest  return. 


PREPARATION  OF  LIMB. 

The  precautions  that  should  be  taken  to  keep  the  lime  in  a  caustic 
state  and  to  secure  its  proper  slaking  have  already  been  stated  with 
the  reasons  therefor.  It  only  needs  to  be  added  that  the  lime  should 
be  worked  thoroughly  into  the  surface  soil  as  soon  as  it  is  spread, 
except  when  it  is  to  be  plowed  under  with  sod,  green  or  stable  manure, 
or  when,  of  course,  it  is  added  as  a  top  dressing  to  a  growing  crop. 


METHOD  OF  APPLICATION. 

When  used  before  corn,  it  is  commonly  better  to  apply  in  the  fall 
or  winter,  if  spring  plowing  is  adopted,  and  the  plowing  is  shallow. 
In  this  way,  the  best  return  to  the  crop  is  often  secured.  If,  however, 
the  plowing  is  deep,  better  results  have  often  attended  the  use  of  lime 
as  a  top  dressing  harrowed  in  some  days  before  corn  planting.  There 
is  some  reason  for  believing  that  where  the  sod  is  very  heavy,  and  is 
to  be  deep  plowed,  a  division  of  the  application,  part  upon  the  sod, 
and  part,  later,  as  a  top  dressing,  wohld  be  more  beneficial.  The 
various  means  of  distribution  have  been  earlier  discussed. 


LIMB   SUBSTITUTES. 

Where  lime  is  not  readily  accessible,  carbonate  of  lime  is  some- 
times to  be  had  in  the  form  of  leached  wood  ashes,  tannery  ashes 
or  marl.    The  quantity  to  be  applied  must  vary  with  the  composition. 
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It  requires  nearly  twice  as  much  carbonate  as  of  pure,  unslaked  quick- 
lime to  perform  a  given  work;  often  much  more,  from  the  fact  that  the 
ash,  mar],  etc.,  are  much  coarser  grained. 

Unleached  wood  ashes  require  some  caution  when  used  in  large 
quantities.  The  considerable  quantities  of  potassium  carbonate  they 
contain,  often  more  than  neutralize  the  flocculating  effect  of  the  cal- 
cium carbonate  and  leave  a  heavy  soil  even  more  adhesive  and  com- 
pact than  before  the  application  of  the  ash ;  but  they  are  more  eflBcient 
than  lime  in  compacting  very  light  soils. 
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APPENDIX  A. 


I.— LIST  OF  FARM  CORRESPONDENTS— BY  COUNTIES. 

Adams^ Mr.  L.  W.  Light j,  East  Berlin. 

Mr.  Geo.  P.  Myers,  Flora  Dale. 
Armstrong, Mr.  S.  S.  Bljholder,  Leechbnrg. 

Mr.  A.  M.  Hindman,  Craigsville. 

Beaver, Mr.  Wm.  T.  Anderson,  New  Galilee. 

Bedford,   Hon.  J.  S.  Biddle,  Lojsburg. 

Mr.  G.  W.  Oster,  Osterburg. 

Mr.  Thomas  P.  Becklej,  Alum  Bank. 
Berks, Hon.  George  D.  Stltzel,  Reading. 

Mr.  J.  W.  Albright,  Shartlesville. 

Blair, Mr.  Frederick  Jaekel,  HoUidajsburg. 

Bradford, Mr.  S.  W.  Lester,  Troy. 

Mr.  Asa  S,  Stevens,  Franklindale. 
Bucks,  Mr.  John  K.  Scarborough,  Pineville. 

Mr.  Ezra  Michener,  Carversville. 

Mr.  F.  L.  Mulford,  Edgewood. 
Butler, Mr.  Harlan  Book,  Euclid. 

Mr.  O.  W.  Stoughton,  Prospect. 
Cambria, Mr.  David  B.  Wertz,  Johnstown. 

Mr.  John  E.  Tomlinson,  Loretto. 
Cameron, Mr.  E.  M.  Fairchild,  Sizerville. 

Mr.  B.  V.  Wykoff,  Sinnemahoning. 

Carbon, Mr.  George  T.  Wells,  Rockport. 

Centre, Mr.  T.  M.  Gramley,  Spring  Mills. 

Col.  J.  F.  Weaver,  Milesburg. 

Chester, Mr.  R,  M.  Simmers,  Phoenixville. 

Clinton, Mr.  Joel  A.  Herr,  Cedar  Springs. 

Columbia, Mr.  A.  P.  Young,  Millville. 

Mr.  Albert  Cope,  Berwick. 

Hon.  William  T.  Creasy,  Catawissa. 

Crawford, Mr.  John  C.  McClintock,  Meadville. 

Cumberland, Hon.  S.  M.  Wherry,  Shippensburg. 

Mr.  B.  D.  Biggs,  Shippensburg. 
Dauphin, Mr.  S.  P.  Barber,  Harrisburg. 

Mr.  John  Moyer,  Qratz. 

Mr.  Gabriel  Hiester,  Harrisburg. 

21  Digitized  by  Google 


166  ANNUAL.  REPORT  OF  Off.  Doc. 

Delaware, Mr.  Joseph  H.  Pascball,  Ward. 

Mr.  William  M.  Ott,  Station  M,  Philadelphia, 
Elk, Mr.  J.  M.  Wittman,  St.  Marys. 

Mr.  Joseph  Kaiser,  St.  Marys. 
Erie, Mr.  H.  H.  Russell,  Belle  Valley. 

Hon.  H.  H.  Chaffee,  Lowville. 

Mr.  B.  J.  Crowell,  LovelFs  Station. 

Fayette, Mr.  W.  E.  Crawford,  Belle  Vernon. 

Forest, Mr.  C.  A.  Randall,  Tionesta. 

Mr.  T.  D.  Collins,  Nebraska. 
Franklin, Mr.  Henry  Omwake,  Greencastle. 

Mr.  C.  B.  Hege,  Marion. 

Dr.  A.  H.  Strickler,  Waynesboro. 
Fulton, Mr.  J.  F.  Johnston,  Webster  Mills. 

Hon.  S.  P.  Wishart,  Wells'  Tannery. 

Greene, Mr.  N.  H.  Biddle,  Carmichaels. 

Huntingdon, Mr.  George  G.  Hutchison,  Warrior's  Mark. 

Mr.  T.  O.  Milliken,  Cornpropst's  Mills. 

Dr.  W.  T.  Browning,  Orbisonia. 
Indiana, Hon.  N.  Seanor,  Denton. 

Hon.  John  Hill,  Blairsville. 
Jefferson, Mr.  James  McCrack^n,  Frostburg. 

Mr.  John  H.  Lewis,  Frostburg. 
Juniata, Mr.  J.  T.  Ailman,  Thompsontown. 

Mr.  D.  B.  McWilliams,  Walnut. 

Lackawanna, Mr.  J.  H.  Hathrill,  Moscow. 

Lancaster, Capt.  J.  P.  Bricker,  Lititz. 

Mr.  James  Collins,  Quarryville. 
Lawrence, Mr.  George  Dean,  Princeton. 

Mr.  Thomas  Love,  Hillsville. 

Lebanon, Mr.  Samuel  Groh,  Lickdale. 

Lehigh, Mr.  Alfred  J.  8.  Diefenderfer,  South  White  Hall. 

Mr.  P.  P.  Mohr,  Fogelsville. 
Luzerne, Mr.  John  R.  Gould,  Bell  Bend. 

Mr.  WMlliam  J.  Honeywell,  Dallas. 

Mr.  H.  B.  Lamed,  Huntingdon  Mills. 
Lycoming, Mr.  Abner  Fague,  Picture  Rocks. 

Mr.  R.  H.  Grier,  Jersey  Shore. 

Hon.  A.  J.  Kahler,  Hughesville. 
McKean,  Mr.  Eugene  Mullin,  Bradford. 

Dr.  A.  B.  Armstrong,  Smethport. 

Mr.  T.  M.  McClellan,  Mt.  Jewett. 

Mercer, Mr.  J.  C.  Mossford,  Millbrook. 

Mifflin Mr.  R.  A.  Naginey,  Mi Wy. 
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Monroe, Mr.  Emil  Ulrich^  Btroudsburg. 

Mr.  Kandall  Bisbing,  Minsi. 

Hon.  K.  F.  Schwarz,  Analomink. 

Montgomery, Hon.  Jason  Bexton,  Spring  House. 

Northampton, Hon.  B.  B.  McClure,  Bath. 

Mr.  W.  M.  Benniger,  Walnutport. 

Mr.  Albin  F.  Meyer,  Moorestown. 
Northumberland,  ..Mr.  C.  N.  Marsh,  Pottsgrove. 

Mr.  B.  F.  Reitz,  Elysburg. 
Perry, Mr.  C.  L.  Steele,  Duncannon. 

Mr.  George  S.  Barnett,  New  Bloomfield. 

Mr.  James  E.  Stephens,  Acker. 

Philadelphia, Mr.  J.  B.  Kirkbride,  Bnstleton. 

Pike, Mr.  J.  H.  VanEtten,  Milford. 

Potter, Mr.  W.  A.  Gardner,  Andrews'  Settlement. 

Mr.  John  McDowell,  Pleasant  Valley. 
Schuylkill, Mr.  W.  H.  Stout,  Pine  Grove. 

Mr.  W.  H.  Riland,  Friedensburg. 
Snyder, Mr.  M.  K.  Hassinger,  Middleburg. 

Mr.  Jacob  H.  Hetrick,  Beavertown. 
Somerset,  Hon.  N.  B.  Critchfield,  Critchfield. 

Mr.  C.  S.  Beal,  Elklick. 

Susquehanna, Mr.  E.  W.  Wat&on,  New  Milford. 

Tioga, Mr.  F.  E.  Field,  Balsam. 

Mr.  Homer  Wilson,  Mansfield. 

Mr.  W.  W.  Inscho,  Canoe  Camp. 

Mr.  William  Norman,  Sebring. 
Union, Mr.  R.  J.  Moyer,  White  Deer. 

Mr.  H.  G.  McCarty,  Spring  Garden. 

Mr.  John  A.  Gundy,  Lewisburg. 

Venango, Mr.  Porter  Phipps,  Eennerdell. 

Warren, Mr.  R.  J.  Weld,  Sugar  Grove. 

Mr.  J.  P.  Samuelson,  Chandler's  Valley. 
Washington, Mr.  J.  G.  Berry,  Primrose. 

Mr.  J.  B.  Painter,  Independence. 

Wayne,  Mr.  W.  E.  Perham*  Niagara. 

Westmoreland,  . . .  Mr.  Geo.  S.  Bamhart,  Greensburg. 

Mr.  Daniel  H.  Pershing,  Stauffer. 

Mr.  John  W.  Welch,  Bradenville. 
Wyoming,  ....... .Mr.  E.  H.  Pinder,  Centremoreland. 

Mr.  C.  E.  Henning,  North  Mehoopany. 
York Mr.  George  F.  Saubel,  Brodbecks. 

Hoq.  Jame?  A.  Stable,  Emigsville, 
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II.— ADDRESSES  OF  LIME  BURNERS  AND  DEALERS  GIVING 

INFORMATION. 

Berks, Mr.  M.  G.  Oberholtzer,  Bechtelsville. 

J.  S.  Pearson  &  Co.,  Calcium. 

Dr.  D.  Heber  Plank,  Morgantown. 

Mr.  Jacob  Shaffner,  Host. 
Blair, Keystone  Lime  and  Stone  Company,  Tyrone. 

Mr.  John  Manning,  Hollidaysburg. 

Mr.  J.  King  McLanahan,  Jr.,  Hollidaysburg. 
Chester, Avondale  Lime  and  Stone  Co.,  Avondale. 

Mr.  Isaac  Lesher,  Williamson. 

Jefferson, Mr.  Joseph  M.  Swisher,  Punxsutawney. 

Lancaster, Mr.  I.  Galen  Lefevre,  Quarry ville. 

Lebanon, Mr.  John  A.  Bachman,  Annville. 

Lehigh, Mr.  A.  W.  Held,  Fogelsville. 

Mr.  E.  D.  Boyer,  Catasauqua. 
Lycoming, Mr.  Abraham  Meyer,  Cogan  House. 

Mr.  J.  Sebring,  Jersey  Shore. 
Monroe, Mr.  John  P.  Carmer,  Bossardsville. 

Mr.  Peter  M.  Heller,  Bossardsville. 

Mr.  Allen  Metzger,  Stormville. 
Montgomery, Mr.  G.  W.  H.  Corson,  Plymouth  Meeting. 

Tod<J  &  Son,  Port  Kennedy. 
Northampton,   . . .  .Mr.  Edward  Fehnel,  Nazareth. 
Northumberland,  ..  Mr.  A.  C.  Baylor,  Milton. 

Tioga, Mr.  D.  F.  Gates,  ^Mansfield. 

York, Bittinger  &  Eberly,  Hanover. 

Sussex,  N.  J., Mr.  George  N.  Cole,  Montague. 
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APPENDIX  B. 


ANALYSES  OF   PENNSYLVANIA   LIMESTONES. 


COMPILED  BY  WILLIAM  FREAR  AND  C.  A.  BROWNE,  JR..  FROM  THE  REPORT  OF 
THE  SECOND  GEOLOGICAL  .SURVEY  OF  PENNSYLVANIA;  THE  CATALOGUE  OF 
EXHIBITS  OF  THE  DEPARTMENT  OF  MINES.  WORLD'S  FAIR  COMMISSION  OF 
THE  STATE  OF  PENNSYLVANIA:  AND  THE  RECORDS  OF  THE  PENNSYLVANIA 
STATE  COLLEGE  AGRICULTURAL  EXPERIMENT  STATION. 


SYMBOLS  USED. 

Al,  O,. — ^Alamina. 

Ca  Co,. — Carbonate  of  lime. 

Pe. — Iron. 

Pe  O. — Iron  oxid. 

Pe,  O,. — ^Iron  peroxid. 

Pe,  CO,. — Carbonate  of  iron. 

Pe  S,. — Iron  pyrites. 

H,  O.— Water. 

Mg  CO,. — Carbonate  of  magnesia. 

Mn,  O,. — Manganese  oxid. 

Ca  SO4. — Calcium  sulfate. 

Si  O,.— Silica, 

SO,. — Sulfuric  acid. 

P,  O5. — Phosphoric  acid. 

Mn  CO,. — Carbonate  of  manganese. 

K,0.— Potash. 
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ANALYSES  OF  ROSE  SOILS. 


BY  WILUAM  FREAK  AND  CHARLES  P.  BEISTLE. 


All  species  of  domesticated  plants  possess,  as  an  essential  condi- 
tion to  domestication,  the  power  of  adapting  themselves  to  a  wide 
variety  of  circumstan^^es.  It  is  recognized,  however,  with  reference 
to  all  sach  plants  that  their  manner  of  development,  the  relative 
shape  and  colors  of  their  organs  and  their  vigor  of  growth  are  af- 
fected bv  their  surroundings  and,  in  particular,  by  the  soil  in  which 
they  grow. 

The  rose  shows  itself  by  its  very  wide  distribution  to  be  capable 
in  a  large  measure  of  adaptation  to  its  surroundings;  so  that  there 
are  few  who  desire  to  use  this  ornamental  plant  and  find  them- 
selves unable  to  seizure  its  development  with  some  satisfaction  in 
the*  garden  beds  at  their  disposal.  Florists  nevertheless  recognize 
that  this  plant  is  very  sensitive  to  the  influence  of  the  soil  in  which 
it  grows  and  that  it  is  very  necessary  to  exercise  care  in  the  selec- 
tion and  mixing  of  soils  for  the  greenhouse  ben  oh  when  fine  blooms 
are  sought.  While  authorities  in  rose  culture  do  not  agree  precisely 
as  to  the  best  soil  for  rose  culture,  they  agree  universally  that  an  ex- 
cessively cold  clay  soil,  on  the  one  hand,  is  injurious  and  that,  on  the 
other,  a  very  light  sandy  soil,  and  in  England,  the  chalky  soils  are 
not  at  all  fitted  for  a  growth  of  this  plant.  As  to  the  influence  of 
the  mechanical  texture  of  the  soil,  Peter  Henderson  (Practical  Flori- 
culture, page  119),  says  that  in  a  stiff  clay  loam,  flowers  of  more  sub- 
stance and  depth  of  color  will  be  produced  than  in  that  of  a  light  and 
sandy  character.  Taft  tOreen  House  Management,  page  5»,  says, 
''that  while  considerable  clay  is  desiraWe  in  soil  for  roses,  there  is 
danger  from  its  being  too  heavy,  as  .even  in  shallow  benches,  if  the 
soil  at  any  time  becomes  too  wet  ♦  •  •  •  •  jt  will  not  only 
be  longer  in  drying  out  than  a  lijxliter  soil  but  'black  spot'  and  other 
diseases  will  be  much  more  likely  to  follow."  Shirley  Hibberd  (Ama- 
teur's Rose  Book,  pages  14  to  20»,  says  that  the  standard  or  brier 
rose  requires  a  deep  loam  and  will  thrive  on  well  cultivated  clay  or 
good  peat,  but  will  scarcely  live  on  chalk  or  sand.  Dwarfs,  whether 
on  their  own  roots  or  budded,  require  a  rather  light  rich  loam. 
Speaking  of  the  soil  requirements  of  the  different  types  of  roses,  be 
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states  that  the  Moss  and  Provence  varieties  thrive  in  poor  soils, 
that  the  Chinas  and  Teas  like  a  rather  light  soil,  but  that  Perpetuals 
and  Bourbons  need  a  thoroughly  good  soil  of  a  substantial  nature. 
It  appears  that  there  are  exceptions  in  this  numerous  family  of 
flowering  plants  to  the  general  rule,  that  the  rose  will  not  thrive  upon 
a  wet  soil;  the  barberry-leafed  rose  is  found  growing  abundantly 
in  the  salt  marshes  of  Persia. 

The  sensitiveness  of  particular  varieties  of  the  rose  to  soil  differ- 
ences is  somewhat  more  interesting  from  the  fact  that  for  benches 
the  soil  used  is  made  up  very  largely  of  added  materials.  Taft  states 
that  it  is  generally  admitted  that  a  soil  for  roses  should  contain  de- 
composed pasture  sods  and  cow  manure.  The  thick  fibrous  sod 
which  has  been  rotting  for  some  months  is  piled  up  with  cow  ma- 
nure in  alternate  layers  using  one  part  of  the  manure  to  every  four 
to  six  parts  of  the  sod,  according  to  the  character  of  each,  adding 
clay  if  the  soil  was  light  or  sand  if  the  soil  was  heavy. 

In  view  of  the  foregoing  facis,  an  examination  of  certain  samples 
of  rose  soils  was  undertaken  at  the  request  of  the  Floral  Exchange  of 
Philadelphia.  The  samples  were  three  in  number,  namely  No.  1 
(Station  No.  32,458),  from  the  grounds  of  the  Floral  Exchange  at 
Edgely,  Pa.,  three  miles  above  Bristol,  on  the  Delaware  river.  The 
land  lies  low  and  the  soil  is  gravelly  or  light,  with  large  boulders 
appearing  on  the  surface  indicating  the  glacial  origin  of  the  soil. 
The  water-table  during  the  growing  season  is  only  two  or  three  feet 
below  the  surface.  Mr.  H.  C.  Geiger,  of  the  Floral  Exchange,  states* 
that  there  are  on  this  farm  four  acres  of  land  having  a  clay  founda- 
tion and  that  it  is  upon  this  soil  that  they  rely  for  rose  culture.  The 
soil  is  mixed  with  pure  cow  manure  and  a  little  bone  meal  is  added. 
The  ro§es  grown  at  Edgely  lack  the  great  luxuriance  and  vigor  of 
those  grown  at  the  Waban  conservatories,  a  description  of  whose 
soil  is  given  below,  but  the  ^*Meteor"  rose  does  excellently  well  at 
Edgely,  equally  well  whether  grown  in  solid  beds  in  8  inches  of  soil 
upon  12  inches  of  ashes,  or  in  raised  wooden  benches  filled  with 
4  or  5  inches  of  soil.  The  plants  grow  luxuriantly  and  give  plently 
of  buds,  but  the  buds  do  not  have  the  depth  of  color  found  in  roses 
of  the  same  variety  growing  in  the  Wilkes-Barre  soil,  represented 
by  sample  No.  3  (Station  No.  32,453). 

No.  2  (Station  No.  32,457),  is  a  soil  from  the  Waban  conservatories 
at  Natick,  Massachusetts,  the  most  celebrated  place  for  rose  cul- 
ture in  America.  The  country  about  Natick  is  described  as  hilly, 
but  there  is  no  description  given  of  the  soil.  The  plants  are  grown  in 
solid  beds  with  drainage  and  in  raised  benches  containing  four  or 
five  inches  of  soil.  The  plants  in  solid  beds  are  retained  for  sev- 
eral years,  but  those  in  the  benches  are  changed  every  June.  The 
vigor  of  growth  of  the  plants  is  remarkable.    The  varieties  grown 
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are  "Bride,"  Bridesmaid/'  and  "^Meteor"  (all  tea  roses),  the  **AmericaD 
Beauty"  (hybrid  tea),  and  also  a  few  of  the  true  hybrid  perpetual 
roses  such  as  the  ''Jacqueminot,"  ''Brunner"  and  "Magna  Charta." 

These  samples  were  submitted  to  both  mechanical  and  chemical 
analysis,  the  work  being  performed  by  Mr.  Chai'les  P.  Beistle,  under 
the  direction  of  the  writer.  • 

The  mechanical  analysis  was  made  according  to-  the  Osborne 
beaker  method  and  the  chemical  d<jterminations  were  made  in  accord- 
ance with  the  methods  prescribed  by  the  Association  of  Official  Agri- 
cultural Chemists.  The  so-called  '^assimilable"  potash  and  phos- 
phoric acid  were  determined  by  exposing  the  soil  for  one  week  to  a 
one  per  cent,  solution  of  citric  acid  and  analysing  the  materials  thus 
dissolved  from  the  soil. 

The  results  of  the  mechanical  analysis  are  given  in  the  following 
table,  in  terms  of  the  number  of  parts  by  weight  of  particles  of 
a  given  diameter  contained  in  one  hundred  parts  of  the  air-dried 
soil;  for  convenience  the  diameters  are  expressed *in  fractions  of  a 
millimeter,  the  millimeter  being  about  one-twenty-fifth  of  an  inch. 

The  samples  had  all  of  them  been  screened  before  being  submitted, 
there  being  practically  nothing  coarser  than  one  millimeter  in  di- 
ameter in  any  of  them. 


Mechanical  Analyses  of  Rose  Soils  {Pet'  Cent,  hy  Weight), 


Diameters  of  Particles. 
(Millimeters.) 

i 

(Station  Nc 
1       Edgely, 

1 

! 

1. 

.  32,458) 

Pa. 

No.    2. 

(Station  No.  82,467) 

Waban,  Mass. 

No.    8. 
(Station  No.  82,468) 
Wilkes-Barre,  Pa. 

1       to  .5« 

^1 

•1 

•1 

'l 

0.98 
2.20 
33.33 
22.20 
83.72 
6.66 

9.64 
8.5S 
81.28 
23.78 
13.21 
13.29 

1.21 

.5    to  .25. 
.»  to  .06, 
.06  to  .01, 

1.66 
47.15 
28.07 

Less  than 
Water  and 

.01,  

other  volatile  matter. . 

7.37 
14.21 

Total 

1 
'1 

99.09 

99.73 

90.66 

To  even  the  casual  glance,  differences  between  the  three  soils  are 
quite  apparent,  the  Waban  soil  containing  more  than  six  times  as 
much  as  the  others,  of  particles  ranging  from  .25  millimeter  upwards 
in  size.  The  Edgely  and  Waban  soils  had  about  the  same  quantities 
of  materials  ranging  from  .01  to  .25  millimeter  in  diameter  and  both 
these  soils  exceeded  the  ^Vilkes-Barre  soil  in  the  quantity  of  clay 
also;  that  is,  of  particles  having  a  diameter  of  less  than  .01  milli- 
meter. It  seems  probable  that  the  Edgely  soil  would  be  considerably 
more  retentive  of  moisture  than  either  of  the  others. 

While  the  mechanical  analysis  reveals  the  larger  proportion  of 
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coarser  material  in  the  Waban  soil,  it  is  not  fitted  to  bring  to 
light  any  difference  that  may  exist  in  the  arrangement  of  the  par- 
ticles in  the. several  soils.  Aside  from  any  quality  depending  upon 
such  sort  of  arrangement  of  the  particles,  it  would  seem  that  the 
Edgely  soil  might  be  made  mechanically  more  like  that  of  Waban 
by  the  addition  of  one-third  to  one-fourth  of  its  weight  of  rather 
coarse,  sandy  loam. 

The  results  of  the  chemical  examination  are  presented  in  the  suc- 
ceeding table  expressed  in  parts  per  hundred. 


Chmnical  Ayialyses  of  Roue  Soils  i^Per  Cent,), 


Constituents. 


No.    1. 

Edgely,  Pa. 

(Station  No.  S2.4oS) 


^olBture  (loss  at  100°  C.) 

Other  volatile  matter: 

(Lobs  on  iflrnltlon) 

Add  Insoluble  matter: 

Sand,  clay,  etc 

Soluble  slUca 

Acid  soluble  matter: 

Iron  oxid 

Alumina 

Manganese  oxId 

Lime 

Magnesia 

Potash 

Soda 

Carbonic  acid 

Phosphoric  add,    

Sulphuric  add 

Chlorln 

Deducting    oxygen    equivalent    to 
chlorln,   


No.    SL 

Waban.  Mass. 

(Station  No.  22.457) 


No.    I. 

WUkCB-Bajre,  Pa. 
(Station  No.  32,453) 


3.52 

9.T7 

6S.89 
7.06 

3.56 

5.81 

0.00 

0.72 

0.31 

0.28 

0.20 

0.082 

0.270  1 

0.260 

0.015 


I 


100.227 
.007 


12.01 

67.84 
9.24 

8.00 

4.29 

0.00 

0.45 

0.82 

0.26 

0.10 

0.069 

0.210 

0.410 

0.008 


100.220  I 


100.408 


Add  it  ion  al  Defer  ni  in  a  t  ion  s. 


Constituents. 


I  No.    1. 

I       Edgely,  Pa. 
(Station  No.  32,458) 


No.     2. 

Waban,  Mass. 

(Station  No.  32,467) 


No.    8. 
Wilkes- Barre.  Pa. 
(StaUon  No.  32,463) 


Humus     (by     modified     Grandeau 
method) • 

2.55 
0.136 

41.8 
5.33 
0.016 
5.7 
0.015 

12.5 
2.&S 

4.00 
0.259 

40.9 
6.47 
0.090 

84.6 
0.17 

63.0 
4.40 

6.96 

0.309 

Proportion   of   humus    In    volatile 
matter     

49.6 

Proportion  of  nltn.gen  In  humus,.. 
Potash,   citric  acid  soluble, 

6.20 
0.040 

15.4 

Phosphoric  acid,  citric  acid  soluble, 

Proportion  of  total  phos.  acid 

Coefficient  of  hygroscoplcity,   

0.043 
20.6 
4.94 
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These  analyses  show  that  the  Edgely  soil  has  a  good  deal  less 
of  readily  available  mineral  matter  than  the  soils  of  the  other  two 
places.  Concerning  the  special  mineral  constituents,  it  is  noted 
that  iron  and  aluminiun  are  present  in  very  similar  quantities  in  all 
the  soils  and  that  this  is  likewise  true  of  the  total  acid-soluble  pot- 
ash, but  the  results  of  the  examination  by  means  of  citric  acid  show 
both  the  Edgely  and  Wilkes-Barre  soils,  that  of  the  Edgely  in  par- 
ticular, to  be  inferior  to  the  Waban  soil  in  the  proportion  of  very 
readily  soluble  potash.  The  Edgely  soil  also  contains  only  about 
one-half  as  much  acid-soluble  phosphoric  acid  as  the  other  soils  and 
of  this  a  much  smaller  proportion  is  in  condition  for  the  readie&t 
use  by  the  plants;  over  one-half  of  that  in  the  Waban  soil  one-fifth 
of  that  in  tlie  Wilkes-Barre  soil  and  only  one-eighth  of  that  in  the 
Edgely  soil  being  in  most  readily  assimilable  condition.  The  Edgely 
soil  has  only  about  one-third  as  much  lime  and  magnesia  as  is  pos- 
sessed by  the  other  two  and  is  somewhat  lacking,  as  compared  with 
the  Waban  soil,  in  sulphates,  but  the  Wilkes-liarre  soil  surpasses 
both  in  these  constituents.  Considering  now  the  organic  matter 
present,  it  is  observable  that  the  Waban  soil  lies  intermediate  be- 
tween that  of  Wilkes-Barre  and  that  of  Edgely,  the  latter  being  con- 
siderably less  rich  in  these  constituents  as  well.  It  is  clear  then, 
that,  even  after  making  allowances  tor  the  difference  in  the  total 
amount  of  material  at  all  ready  for  the  plant's  use  in  these  several 
soils,  that  of  Edgely  is  inferior  iu  all  the  important  fertilizing  ma- 
terials except  potash;  and  in  the  slight  solubility  of  that  constituent. 

So  little  is  known  as  to  the  specific  influence  of  individual  fer- 
tilizers or  soil  ingredients  upon  the  flowering  habits  of  plants  that 
any  suggestion  oi  improvement  in  the  soil  used  for  this  purpose  must 
be  made  with  caution.  The  quantities  of  humus  and  nitrogen,  to- 
gether with  these  constituents,  of  phosphoric  acid,  may  be  made 
more  like  those  of  Waban  if  somewhat  larger  proportions  of  cow 
manure  are  used  iu  the  compost;  and  somewhat  larger  additions  of 
raw  bone  meal  or  better  of  acidulated  phosphate  will  tend  to  give 
due  increase  to  the  quantity  of  phosphoric  acid  in  the  Edgely  soil. 
If  the  acid  proprieties  of  the  soluble  phosphate  are  feared  in  soils 
so  deficient  in  carbonate  of  lime  as  these  soils  are,  the  objection  can 
be  readily  remedied  by  the  use  of  a  little,  thoroughly  air-slacked  lime 
well  mixed  in  the  soil.  This  latter  addition  will  also  serve  to  bring 
up  the  lime  content  more  nearly  to  that  of  Waban.  The  use  of  thor- 
oughly air-slaked  lime  is  recommended  for  the  reason  that  the  use 
of  caustic  lime  or  freshly  slaked  lime  might  cause  4;oo  rapid  elabora- 
tion of  soluble  niti'ogcnous  compounds  to  give  the  best  results  in 
the  bloom,  although  such  an  elaboration  would  tend  to  promote  a 
very  rapid,  if  not  the  most  vigorous  growth  of  stem  and  leaf.  It  is 
worthy  also  of  observation  whether  the  presence  of  a  larger  quantit^ 
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of  lime  may  not  lead  to  a  higher  color  in  the  bloom,  as  it  is  a  matter 
of  common  opinion  among  orchardists  that  fruits  take  their  richest 
ccloring  in  soils  in  which  lime  as  well  as  iron  are  abundantly  present. 
Owng  to  its  inferior  condition,  rather  than  its  smaller  quantity,  the 
supply  of  potash  should  be  increased  by  the  use  either  of  German 
salts  or  of  wood  ashes. 

Finally,  it  may  be  remarked  that  the  power  of  the  Edgely  soil  to 
take  up  moisture  from  a  saturated  atmosphere  ,  as  indicated  by  the 
hygroscopic  coefficients  in  the  above  table,  is,  in  spite  of  its  much 
larger  holding  of  clay,  less  than  that  of  the  other  two  soils;  the  co- 
efficients gi%en  corresponding  almost  exactly  to  the  proportions  of 
true  humus  and  also  to  those  of  total  volatile  matter  (not  including 
water  lost  at  100  degrees  C). 
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EFFECT  OF  VARIOUS  SYSTEMS  OF  FERTILIZ- 
ING UPON  THE  HUMUS  OF  THE  SOIL. 


BY  ENOS  H.  HESS.* 


By  the  term  "humus"  is  meant  the  organic  matter  of  the  soil, 
chiefly  the  remains  of  earlier  veget<ition,  that  has  so  far  developed 
decay  that  it  no  longer  exhibits  traces  of  plant  structure  and  is  no 
longer  separated  from  the  fine  mineral  matter  of  the  soil  by  the  pro- 
cesses of  sifting  to  which  the  sample  is  subjected,  prior  to  chemical 
analysis,  for  the  separation  of  the  roots,  stubble  and  gravel. 

The  favorable  influence  of  the  humus  upon  the  physical  qualities 
and  the  richness  of  the  soil  in  plant  food  is  so  generally  appreciated 
that  the  importance  of  such  farm  management  as  shall  result  in  its 
maintenance  or  increase  in  the  soil  is  everywhere  recognized.  In 
the  various  forms  of  lease  entered  into  by  owner  and  tenant,  a  loss 
of  humus  has  usually  been  more  carefully  guarded  against  than  any 
other  sort  of  soil  deterioration. 

Soils  subject  to  constant  cultivation  and  to  cropping  with  plants 
that  leave  in  the  soil  very  little  residue  of  root  and  stubble,  tend  to 
become  impoverished  in  humus.  For  just  as  a  billet  of  wood  is 
mus,  as  in  swampy  land,  or  on  forest  lands  and  old  meadows  and 
pastures  left  for  decades  uncultivated,  the  humus  originally  present 
burned  up  in  the  stove,  the  humus  is  constantly  oxidizing  in  the 
soil;  only,  the  process  is  a  slow  one,  the  heat  developed  is  dissi- 
pated so  rapidly  that  it  cannot  intensify,  and,  in  this  case,  the  lower 
organisms  present  in  the  soil  'enter  very  largely  to  aid  the  decom- 
position— just  as  yeast  does  in  oxidizing  the  sugar  of  cider  when 
the  latter  undergoes  the  alcoholic  fermentation  and  becomes  "hard." 

When,  on  the  contrary,  the  air  is  allowed  little  access  to  the  hu- 
mus, as  in  ©wampy  land,  or  on  forest  lands  and  old  meadows  and 
pastures  left  for  decades  uncultivated,  the  humus  originally  present 
is  only  very  slowly  attacked  and  is  reinforced  by  additions  from  the 
dying  roots  and  stubble  or  leaves  of  the  grass  or  forest  trees. 

On  cultivated  lands,  the  system  of  manuring  must  obviously  ex- 
ercise considerable  influence.  When  stable  manure  is  the  princi- 
pal fertilizer  employed,  the  reinforcement  to  the  humus  supply  of 
the  soil  is  derived  not  only  from  the  crop  residues  or  root,  stubble, 
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etc.,  but  also  from  the  sti'awy  matters  of  the  manure;  whereas,  when 
lime,  plaster  or  ordinary  commercial  fertilizers  are  employed,  no 
direct  addition  to  humus-forming  i))aterial  is  had  and  any  increase 
that  follows  must  occur  solely  from  an  increased  quantity  of  roat 
and  stubble  left  upon  the  land. 

It  is  generally  believed  that  where  mineral  manures  are  used  ex- 
clusively for  a  considerable  period,  the  humus  diminishes  and  the 
soil  becomes  hard  and  compact.  An  instance  of  this  occurred  on 
one  of  the  hay  farms  near  Philadelphia,  Pennsylvania,  where  the 
farmer  grew  timothy  hay  continuously  for  fifteen  years  by  the  use 
of  commercial  fertilizers  alone.  He  found  the  yield  of  hay  was 
gradually  decreasing  and  had  to  begin  hauling  manure  from  the  city 
to  get  the  land  into  its  original  condition.  A  market  gardener  of 
Lancaster  county  found  his  soil  becoming  too  hard  and  compact  after 
having  used  very  heavy  applications  (1,000  to  1,200  pounds  per  acre 
each  year)  of  commercial  fertilizers  for  a  dozen  or  more  years,  and 
came  to  the  conclusion  that  he  mast  either  haul  manure  six  miles  or 
resort  to  green  manuring  in  order  to  secure  a  proper  mechanical  con- 
dition. His  soil  was  a  heavy  clay,  and  there  is  no  doubt  that  he 
applied  considerably  more  nitrogen,  phosphoric  acid  and  potash  than 
the  crops  removed.  This  injurious  mechanical  effect  w^ould  not 
be  found  on  a  sandy  soil;  and  further,  it  is  generally  considered 
that  sandy  soils  respond  more  freely  to  commercial  fertilizers  than 
clay  soils. 

Lime  may  supply  humus  indirectly  by  stimulating  growth,  but  it 
hastens  the  decomposition  of  that  already  in  the  soil.  The  loss  thus 
sustained  is  often  greater  than  the  gain  due  to  increased  crops.  This 
is  especially  true  where  large  quantities  of  quick-lime  are  applied 
without  corresponding  amounts  of  fertilizers  rich  in  organic  matter. 

EXPERIMENTS  OF  THE  GENERAL  FERTILIZER  SERIES. 

It  was  believed  that  the  effects  of  the  various  systems  of  fertiliza- 
tion might  be  shown  upon  the  plats  of  the  General  Fertilizer  Series, 
which  have  received  continuous  treatment  upon  the  same  plan  for  at 
least  sixteen  years.  The  determination  of  the  humus  in  the  soils 
from  plants  representing  a  number  of  the  systems  under  trial  was 
accordingly  undertaken.  The  plan  of  the  General  Series  of  Fertil- 
izer Experiments  is  fully  presented  elsewhere  in  this  annual  report. 
For  the  purpose  of  this  discussion,  the  following  statements  will 
suffice:  The  area  of  each  plat  is  one-eighth  of  an  acre.  The  crops 
grown  were  com,  oats,  wheat  and  grass  (one-half  clover,  one-half 
timothy).  The  fertilizers  were  applied  every  second  year  to  the 
corn  and  wheat,  except  the  lime,  which  was  applied  every  fourth 
year  to  tl?e  conir    Tb©  corn  wfis  cut  between  the  second  aod  tblr4 
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joint,  the  stover  hauled  off  and  the  stubble  plowed  down  the  follow- 
ing spring  for  oats.  During  the  first  eight  vears,  one  crop  of  grass 
was  out  and  the  after-math  left  oti  the  ground  and  plowed  down 
for  com;  but  in  the  last  eight  years,  the  after-math  was  cut  and 
hauled  off. 

The  systems  of  fertilizer  treatment  examined  were: 

I.  Cropping  without  manurt\ — Sample  (1).  Taken  from  the  four 
plats,  1,  14,  24  and  3G,  in  each  of  the  tiers,  I,  II,  111  and  IV,  receiving 
no  fertilizer  during  the  sixteen  years  of  the  experiment. 

II.  Manuring  with  stable  manure  and  lime. — Sample  (2).  Taken 
from  plat  No.  22  in  each  tier,  which  received  six  tons  of  yard  manure 
every  second  year  and  two  tons,  or  fifty  bushels  of  lime  per  acre 
every  fourth  year.  The  manure  was  plowed  under  and  the  lime 
spread  on  the  plowed  ground.  The  lime  was  received  from  the  Belle- 
fonte  <|Tiarries,  the  rock  of  which  contains  about  98.5  per  cent, 
of  calcium  carbonate.  The  stone  lime  was  put  on  the  plot,  slacked 
with  water  and  spread  the  following  day. 

III.  Liming  corn  without  manure.  Sample  (3).  Taken  from  the 
plat  (Xo.  23  in  each  tier)  receiving  two  tons  of  lime  per  acre  every 
fourth  year  in  the  same  manner  as  in  No.  II. 

IV.  Treatment  with  carbonate  of  lime.  Sample  (4).  Taken  from 
plat  Xo.  34  in  each  tier,  which  received  two  tons  of  ground  limestone 
per  acre  every  second  year,  applied  broadcast  after  plowing.  The 
limestone  was  of  the  same  quality  as  that  used  for  the  production 
of  the  lime  applied  in  II  and  III. 

V.  Treatment  with  mineral  fertilizers,  with  nitrate  of  soda  as  the 
sojirce  of  nitrogen. — Sample  (5).  Taken  from  plat  Xo.  28  in  each 
tier  which  received  seventy-two  pounds  per  acre  of  nitrogen  in  the 
form  of  nitrate  of  soda,  forty-eight  pounds  of  phosphoric  acid  in  the 
form  of  dissolved  bone-black,  and  one  hundred  pounds  of  potash 
in  the  form  of  muriate  of  potash.  The  fertilizer  was  sown  broad- 
cast after  plowing  and  thoroughly  cultivated  in  thereafter. 

VI.  Treatment  with  mineral  fertilizers,  with  sulphate  of  ammonia 
as  the  source  of  nitrogen. — Sample  (6).  Taken  from  plat  Xo.  32  in 
each  tier,  which  received  seventy-two  pounds  per  acre  of  nitrogen 
in  the  form  of  sulphate  of  ammonia  and  the  same  amount  of  phos- 
phoric acid  and  potash  as  in  Xo.  V. 


ORGANIC    MATTER   APPLIED    IN    YARD    MANURE. 

During  the  first  eight  years,  the  manure  applied  in  Treatment  n 
was  taken  from  an  uncovered  barn-yard,  but  during  the  last  eight, 
one-half  was  taken  from  an  uncovered  yard  and  one-half  from  a  cov- 
ered yard.    It  was  made  up  of  the  voidings  of  well-fed  dair^  cows^ 
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heifers,  horses  and  swine,  with  enough  wheat  and  oats  straw  or 
sawdust  to  absorb  the  liquid  portions. 

Assuming  that  the  manure  made  in  the  open  yard  and  covered 
shed  in  the  summer  and  winter  of  1890,  is  fairly  representative  of 
that  used  during  the  several  years  of  the  experiment,  the  analysis 
reported  by  Dr.  Frear  (Proe.  Sou.  Agric.  Sci.,  1891-2,  139),  indicates 
an  average  <:ontent  of  20.32  per  cent  of  organic  matter  in  the  manure 
applied. 

The  above  average  was  obtained  by  taking  the  average  of  two 
chopped  samples  from  the  open  yard  during  the  summer  and  two 
from  the  open  yard  during  the  winter  for  the  first  eight  years,  and  of 
two  chopped  samples  from  the  covered  yard  for  summer  and  one  for 
winter  for  the  last  eight  years.  The  combined  averages  of  the  first 
and  last  eight  years  gave  20.32  per  cent.  This  would  be  equivalent 
to  2,438.4  pounds  per  ;ure  applied  in  Treatment  II  every  two  years, 
or  in  sixteen  years  9. To  tons  of  organic  matter  per  acre. 

To  secure  some  notion  of  the  proportion  which  this  quantity  bears 
to  the  entire  mass  of  the  soil  directly  affected,  the  weight  of  a 
measured  volume  of  surface  soil,  taken  to  the  level  of  the  subsoil 
at  the  point  selected,  was  determined.  For  the  computation  it  has 
been  assumed  that  the  suiface  soil  over  the  entire  area  involved  in 
these  exepriments  had  a  uniform  density  to  the  average  depth  of 
nine  inches. 

A  block  of  soil  eight  inches  square  was  removed  to  the  subsoil, 
which  was  six  and  three-fourths  inches  deep;  the  block  was  there- 
fore 432  cubic  inches  or  one-fourth  cubic  foot  in  volume.  It  was 
taken  from  com  stalk  land  on  the  9th  of  April,  before  the  soil  was 
stirred.  The  block  weighed  22.06  pounds,  or  88.24  pounds  per  cubic 
foot.  The  total  moisture,  as  determined  by  loss  in  air-drying  and 
in  hot-water-oven,  was  22.82  per  cent.  The  dry  soil  would,  there- 
fore, weigh  G8.10  pounds.  At  08.10  pounds  per  cubic  foot,  the  total 
weight  of  an  acre  of  soil  nine  inches  deep  would  be  111  .24  tons.  The 
9.75  tons  of  organic  matter  would  make  8.76  per  cent,  of  this 
amount;  but,  as  will  be  seen  in  a  subjoined  table,  the  amount  of 
humus  actually  found  is  a  little  over  three  per  cent.  This  shows  that 
considerable  of  the  organic  matter  was  destroyed  by  fermentation 
and  the  action  of  lime. 

I^Iethod  of  sampling. — A  three-inch  wood  auger  was  used  to  take 
the  samples.  Five  samples  were  taken  at  different  points  in  each 
plat  to  the  depth  of  the  surface  soil,  judging  by  the  color.  The 
depth  of  the  surface  soil  on  the  several  plats  ranged  from  6  to  13 
inches.    The  average  depths  were,  in  inches: 
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Treatment. 

Tier  I. 

Tier  II. 

Tier  in. 

Tier  IV. 

All  tiers. 

I- 

Plat    1 

8.80 
8.86 
9.40 
8.90 

8.66 
8.76 
9.06 
9.35 
9.00 

8.90 
9.06 
7.86 
7.86 

8.80 
9.06 
8.40 
9.25 
8.40 

9.06 
9.60 
8.46 
8.95 

8.65 
8.26 
9.40 
9.70 
10.30 

8.20 
8.60 
8.60 
8.20 

8.75 
8.80 
8.80 
9.20 
9.26 

8.61 

14 

8.98 

U 

8.68 

31 

8.85 

Plat  22 ^ 

Plat  28 

8.68 

II: 
ITT- 

8.69 
8.71 

TV- 

Plat  84, 

8.79 

V- 

Plat  28 

9.38 

VT- 

put  82, 

9.24 

The  Bamples  were  taken  November  20-22,  1899,  placed  in  flour 
Backs  and  hung  to  the  ceiling  of  a  room  in  which  there  was  no  fire 
during  the  winter.  The  soil  was- taken  out  of  the  sacks,  February 
24  and  27,  thoroughly  mixed,  and  a  two-kilogram  sample  taken  of  a 
mixture  of  the  sub-samples  from  each  set  of  plots.  Each  sample  was 
put  into  a  quart  Millville  jar  mid  the  cover  firmly  fastened. 

The  samples  were  placed  in  an  air-drying  oven  for  from  twelve  to 
twenty-four  hours,  taken  out  and  allowed  to  stand  in  the  preparing 
room  of  the  laboratory  at  a  tempel^ture  of  60-70  degrees  Fahren- 
heit for  twelve  hours  or  more  and*  then  sifted  through  a  one-half 
millimeter  sieve.  Numbers  4,  5  an^6  were  left  in  the  oven  about 
twelve  hours  longer  than  numbers  1,  2  and  3,  which,  no  doubt,  ac- 
counts for  their  smaller  amount  of  moisture,  which  will  be  noticed 
later. 


The  percentages  of  material  separated  by  the  sifting  are: 


No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

No.  8. 

CparM  material  above  ^  milli- 
meter         .  t  ,,,..,.,,,,..  t  ,  r  r  ,,  1  t  •  7  -  ^ 

19.32 
80.77 

18.09 
81.91 

17.88 
82.12 

16.67 
82.48 

16.24 
84.71 

14  tl 

Pine  soil     

88  88 

Total     

100.00 

100.00 

100.00 

100.00 

100.00 

100  00 

Numbers  4,  5  and  6  were  sifted  a  little  more  thoroughly  than  the 
rest,  which  accounts  in  large  measure  for  the  lower  percentage 
of  coarse  material. 
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METHODS   OF   HUMUS    DETERMINATION   EMPLOYED. 

There  is  no  method  known  whereby  all  of  the  substances  formiog 
humus  can  be  dissolved  out  of  a  soil  and  directly  determined.  The 
methods  now  in  use  either  secure  the  extraction  of  a  certain  class  of 
humus  materials,  or  attempt  to  reach  a  determination  of  the  total 
humus  pi'^esent  by  indirect  means.  In  this  investigation,  three 
methods  were  employed,  two  indirect  and  one  of  partial  extraction. 

Determination  of  Moisture.  Before  a  discussion  of  the  methods 
for  humus  determination,  however,  the  results  obtained  in  the  nec- 
essary- determination  of  the  hygroscopic  moisture  in  the  air-dry 
soils  Dsed  for  analysis,  will  be  presented. 

In  this  determination,  two  pethods  were  compared:  the  ordinary 
method  of  drying  to  constant  weight  in  a  water-oven  at  the  tempera- 
ture of  boiling  water  and  a  modification  of  Van  Bemmelen's  method 
of  drying  in  a  desiccator  over  sulphuric  acid  to  constant  weight. 

I.  By  ordinary  method.  Two  grams  of  the  fine  soil  were  put 
into  watch  glasses  and  heated  in  a  hot-water  oven  for  five  hours, 
cooled  and  weighed.  The  samples  were  then  heated  in  the  oven  for 
two  hour  periods  until  constant  weight  Was  obtained.  The  amotints 
of  moisture  found  were: 


No.  L 

No.  ». 

No.  8. 

No.  4. 

No.  6. 

No.  e. 

Unfer- 
tiUzed. 

Manure 
and 
lime. 

Lime. 

Ume- 
stone. 

Nitrate 

of 
soda. 

Sulphate 

of 
ammonia. 

Determination  a     

l.?0 
1.28 

LSI 
1.U 

1.14 
1.14 

.91 
.91 

* 

.94 
.99 

.99 

Determination  b,    

.96 

iLverase     .•........•.«..•.•.. 

1.24 

1.29 

1.14 

.92 

.94 

.97 

The  smaller  amount  of  moisture  in  Nos.  4,  5  and  6  is  no  doubt  due 
to  the  samples  being  left  in  the  air-drying  oven  about  twelve  hours 
longer  than  the  others. 

2.  By  Van  Bemmelen's  method.  This  investigator  objects  to  the 
ordinary  method  because,  at  the  temperature  employed,  not  only  hy- 
groscopic water  but  also  some  of  the  water  of  crystallization  and 
hydration  present  in  the  soil  constituents,  is  driven  off,  giving  too 
high  results.  To  obviate  this  error,  he  dries  the  sample  by  exposure 
to  the  action  of  sulphuric  acid  upoa  the  air  »qiTou»din(^  the  sample, 
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causing  a  gradual  transfer  of  the  moisture  from  the  soil  to  the  acid. 
The  modificatioD  of  his  method  employed  in  this  work  was  as  follows: 
Two  grams  of  soil  were  placed  in  a  vacuum  desiccator.  The  one 
ssde  of  the  desiccator  was  attached  to  a  glass  tube  which  led  through 
a  bottle  half  full  of  sulphuric  acid,  and  thence  to  a  Chapman  aspi- 
rator. The  other  side  had  a  tube  attached  to  it  leading  into  a  bottle 
two-thirds  full  of  sulphuric  acid,  thence  to  a  second  bottle,  l^us 
the  air,  in  passing  through  the  two  bottles  of  sulphuric  acid,  would 
have  all  its  moisture  removed.  The  aspirator  was  opened  so  that  one 
or  two  bubbles  of  air  were  drawn  through  the  apparatus  per  minute. 
The  desiccator  was  set  in  a  dish  in  which  ice  constantly  was  kept 
during  the  four  days  of  the  trial.  By  this  means  a  temperature  of 
55  degrees  F.,  or  13  degrees  C,  was  maintained  within  the  desiccator, 
the  room  temperature  being  75  degrees  F. 

Hygroscopic  Moisture  Found  {Per  Cent.), 

I    No.  L      :     No.  S.  No.  S.  No.  4.  No.  6.    '      No.  C 


i  Ifeaure  Nitrate     BiUphate 

I     Unfer-  i        and  Lilme.    '     Ume-  of  of 

,      taised.        Ume.  atoDe.         soda.       ammonia. 


Determination  a,    

.48 

.68 

.53 

.a  • 

.60 

.68 

.48 
.46 

.51 
.58 

.87 

Determination  b^    

.41 

ATera«e 

.53 

.88 

.65 

.44 

.68 

.88 

Moisture  by  ordinary  method... 

l.M 

1.S9 

f 

1.14 

1 

.M 

.M 

.87 

Assuming  the  results  by  ordinary  method  to  be  100,  the  Van  Bem- 
meleo  results  are: 


i  I  . 

No.  L    I       No.  1.    I       No.  8.  No.  4.   ,        No.  6.  No.  «w 


48.78  i  44.88  48.M  47.88  6i.Sl  48.81 

As  a  means  of  determining  soil  moisture,  the  Van  Bemmelen 
method  is  long  and  difficult. 

Humus  Determinatioas.  I.  The  I^ition  Method. — In  this  the  air- 
dry  toil  is  bamed  at  a  pather  high  temperature.  The  loss  of  weight 
thu9  ^use^  v  attril)n(^  to  the  remoYal  of  organic  matter  (humog) 
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and  water.  The  latter  being  deteiinined  on  another  portion  of  the 
sample,  its  percentage  is  deducted  from  the  total  los©  by  ignition, 
and  the  remainder  is  assumed  to  represent  the  proportion  of  humus 
present.    The  details  of  the  process  are  described  as  follows: 

Five  grams  of  the  sample  were  ignited  in  a  platinum  crucible 
for  twenty  minutes.  The  soil  was  stirred  occasionally  with  a  plati- 
num wire  and  the  crucible  covered  meanwhile.  The  ignited  soil  was 
cooled  in  a  desiccator  and  weighed.  A  solution  of  ammonium  car- 
bonate was  then  added  in  quantity  sufficient  to  moisten  all  the  soil, 
after  which  the  sample  was  placed  in  the  hot-water  oven  until  dry 
and  again  heated  to  dull  redness,  cooled  in  the  desiccator  and 
weighed.    The  results  obtained  were: 

LoBB  on  Ignition, 


No.  L 

No.  2. 

No.  8. 

No.  4. 

No.  5. 

No.  6. 

Unfer- 
tUlxed. 

Manure 
and 
lime. 

Lime. 

Lime- 
stone. 

Nitrate 

of 
soda. 

Sulphate 

of 
ammonia. 

Determination    a     

6.36 
6.19 
6.31 

6.88 
6.91 
6.93 

6.10 
6.13 
6.26 

6.61 
6.58 
6.52 

6.10 
6.82 
6.82 

f  48 

Determination    b 

6  80 

Determination   b,    

f  88 

Average,    

6.29 

6.89 

6.16 

6.68 

6.18 

6.86 

Los%  on  Ignition  After  Tret 

xting  With  Am^i 

monium 

Carbon 

ate. 

Determination  a,    

6.S5  1             6.66 
6.19  ,            6.69 
6.18  1            6.64 

6.99 
6.94 
«.17 

6.42 
6.88 
6.88 

f.06 
6.28 
6.18 

6.40 

•(6.88) 

6  tt 

Determination  b,    

Determl  nation   c,    

Average 

6.24  i            6.66 

6.03 

6.86 

6.16 

6.81 

Gain  1 

Dm  to  1 

ImmoniA 

xm  Cwrl 

\07Ulte, 

Determination  a, 

.01 
.00 
.13 

.17 
.22 
.29 

.11 

.19 
.08 

.00 
.20 
.10 

.04 
.00 
.04 

.08 

•(-.0© 

.10 

Determination   b     

Determination   c     

Average 

.06 

.23 

13  ,              -i« 

.08 

.04 

•Not  Included  In  average. 


In  igniting  the  soil,  some  of  the  carbonates,  as  CaCOg  or  MgCO, 
pia^  be  decomposed.    By  the  addition  of  the  ammonium  carbonate, 
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carbopic  acid  will  be  takea  up  and  the  oxids  changed  to  carbonates. 
The  subsequent  light  heating  drives  off  the  ammonia  and  excess 
of  carbonic  acid.  The  net  loss  thus  secured  represents  the  organic 
matter  pltis  the  water.  The  results  obtained  clearly  show  the  need 
of  using  ammonium  carbonate  where  carbonates  are  present  in  large 
quantities.  The  unfertilized,  nitrate  of  soda  and  sulphate  of  am- 
monia plats  increased  only  slightly  in  weight,  while  the  plats  receiv- 
ing lime  showed  a  considerable  loss  of  carbonic  acid  on  ignition. 
One  would  expect  the  limestone  plat  to  show  the  largest  difference, 
but  the  yard  manure  shows  the  greatest  loss.  Wiley  in  stating  the 
errors  which  may  occur  in  the  method,  says :  "In  the  first  place,  ig- 
nited magnesia,  when  it  has  lost  its  carbon  dioxide,  does  not  take 
this  up  completely  on  moistening  with  ammonium  carbonate;  in 
the  second  place,  reactions  with  the  chlorids  may  fake  place;  and, 
in  the  third  place,  the  lime  which  is  in  the  humus  will  be  converted 
into  calcium  carbonate."  The  last  reason  may  account,  in  part  at 
least,  for  the  greatest  difference  occurring  in  the  yard  manure  and 
lime  plat. 

Using  the  results  obtained  by  ignition  with  ammonium  carbonate 
and  subtracting  the  water  found  by  the  two  methods  previously 
described,  we  have: 


Hv/mu8=Lo%%  on  Ignition — H^  O  hy  Ordinary  Determi/nation, 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

In  water-free  soil, 

6.00 
6.06 

537 

A  fiO 

5.44 
5.49 

1 
5  21  .             5  84 

5.44  1            4.96 

1 

5.26               5.39 

n%mvu8=Lo88  hy  Ignitior 

h — H^  0  hy  Van  JBemmden  Method. 

• 

No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  5.  !         No.  6. 

5.71 

6.06 

5.48 

5.92 

5.63 

5.92 

n.  Indirect  Determination  of  Humus  from  the  Amount  of  Organic 
Carbon  in  the  Soil. 

This  method  has  been  suggested  by  Van  Bemmelen  as  more  direct 
than  that  by  loss  on  ignition  and  as  excluding  the  errors  due  to 
losses  of  water  of  hydration,  chlorin,  sulphur,  etc. 

The  principle  upon  which  this  determination  is  based  Is  that  humus 
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containg  58  per  cent,  of  carbon,  and  thus,  by  the  determinatioa  of 
carbonic  acid  (which  contains  27.27  per  cent,  of  carbon)  by  abBorp- 
tion  from  the  gases  resulting  from  ignition,  the  amount  of  hamas 
can  be  computed  by  multiplying  the  carbonic  acid  obtained  by  0.471. 
The  presence  of  carbonates  in  the  soil  occasions  some  difficulty  in 
working  the  combustion  method,  as  a  part  of  their  carbon  dioxide 
will,  of  course,  be  given  up  on  ignition  aad  be  reckoned  as  derived 
from  humus. 

In  order  to  avoid  an  error  from  the  presence  of  carbonates  de- 
composable by  the  combustion  method,  the  carbonic  acid  driven  off 
by  warming  with  hydrochloric  acid  was  determined  before  and  after 
the  combustion. 


(a)  Carbonic  Acid  in  Original  Soil. 

Twenty  grams  of  the  soil  were  placed  in  an  Erlenmeyer  flask,  to- 
gether with  40  c.  €.  of  water  and  10  c.  c.  of  hydrochloric  acid.  The 
flask  was  attached  to  a  condenser,  and  that  with  two  sulphuric  acid 
U  tubes  and  two  soda-lime  tubes,  and  a  Chapman's  air-pump.  One 
hundred  and  twenty  to  one  hundred  and  thirty  bubbles  of  gas  were 
allowed  to  pass  through  per  minute. 

After  all  connections  were  made,  the.  flask  with  soil,  water  and 
acid  was  heated  gradually  to  the  boiling  point  and  boiling  main- 
tained for  about  one-half  minute.  The  air  was  then  allowed  to  enter 
the  flask  through  a  valved  funnel  and  pass  through  the  soda-lime 
tubes  for  fifteen  minutes.  The  soda-lime  tubes  were  then  cooled 
and  weighed.  The  carbonic  acid  found  in  per  cent,  of  air-dry  soil 
was: 

Carhoiuc  Acid  {Per  Cent,). 


No.L 

No.  1. 

No.  8. 

No.  4. 

No.  S. 

No.  8. 

Determination  a 

.0695 
.0740 

• 
.88S5              .1860             .4611 
.878S              .8875  '           .4715 

.0690 
.0685 

.0610 

Determination   b,    ., 

.0680 

Average, 

.0718 

.8810              >Mft  1            lira 

.0688                AK>o 

Calculated  to  water-free  soil  (on  basis  of  drying  by  ordinary  meth- 
od), we  have: 


No.  1. 


No.  8.  No.  8. 


No.  4. 


No.  6. 


No.  8. 


.0727 


.8800 


.8911 


.4718 
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(b)  Carbonic  Acid  by  Combustion  in  Oxygen. 

An  ordinary  combustion  furnace,  thirty  inches  long,  was  used 
for  this  determination.  The  combustion  tube  was  five-eighths 
inches  in  diameter  and  extended  about  an  inch  beyond  each  end  of 
the  furnace.  Half  of  the  tube  was  filled  with  black  copper  oxide. 
The  oxygen  was  forced  through  a  soda  solution  to  take  out  all  CO2 
and  through  sulphuric  acid  to  take  out  all  moisture.  The  other  end 
of  the  tube  had  a  sulphuric  acid  tube  and  two  soda-lime  tubes  at- 
tached; also  a  soda-lime  tube  at  the  end  to  prevent  any  CO2  from 
entering  in  the  rear  of  the  apparatus.  About  ten  grams  of  soil  were 
used,  which  was  put  into  two  platinum  boats  and  placed  in  the 
combustion  tube  next  to  the  copper  oxide.  The  tube  was  heated 
very  gradually,  allowing  twenty-five  to  thirty  minutes  to  elapse  be- 
fore all  the  gas  jets  were  turned  on.  The  heating  was  continued  for 
two  hours.  The  last  half-hour,  air  was  passed  through  the  tube 
instead  of  oxygen.  The  sulphuric  acid  and  soda-lime  tubes  were 
allowed  to  cool  and  then  weighed.    The  results  obtained  were: 


Water  Collected  in  H^  80^  Tube. 


No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  6 

NO.  6. 

Determination  a, 

4.22 
4.18 

4.68 
4.69 

8.71 
8.82 

8.99 

4.28 

8.96 
4.06 

4.19 

Determination  b, 

8.97 

Average, 

4.20 

4.69 

8.77 

4.11 

4.01 

4.08 

Subtracting  water  obtained  at  100  degrees  C,  we  have  2.96,  3.40, 
2.63,  3.19,  3.07,  3.11  as  the  sums  of  the  strongly  combined  water 
and  that  formed  by  the  burning  of  the  humus  in  the  air-dry  soil. 


Owrhonic  Acid  Evolved, 


No.  L 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

No.  6. 

Determination  a,    

6.90 
6.98 
6.86 

6.48 
6.46 

6.84 
6.26 

6.04 
6.08 

6.19 
6.16 

6.88 

Determination  b,    

6.88 

Determination  c,    

Average 

6.91 

6.47 

6.80 

6.06 

6.18 

6.88 

, 
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Calculated  to  water-free  soil,  we  have  the  following  percentages 
of  CO,: 


No.  L 

No.  2. 

No.  S.           No.  4. 

No.  5. 

No.  8. 

6.98 

6.5& 

6.t6               6.12 

6.24 

6.81 

(c)  Carbonic  Acid  in-  Combustion  Residue. 

After  the  combustion  was  made,  the  soil  in  the  platinum  boat  was 
transferred  to  an  Erlenmyer  flask  and  the  carbonic  acid  determined 
by  reaction  with  hydrochloric  acid  as  before.  The  results  obtained 
were: 


1   No.1. 

1 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

No.  «. 

.090 
.104 

.867 
.412 

.486 
.412 

.469 
.889 

.095 
.098 

.076 
.068 

AV^THge,     .................... 

.097 

.890 

.424 

.469 

.094 

.068 

('alculated  to  water-free  soil,  these  percentages  are: 


No.  1. 

No.  2. 

No.  8. 

1           1 

No.  4.      1     No.  6.           No.  «. 

.098 

.896 

.429 

.478                .096  1               .070 

The  above  results  are  higher  than  those  obtained  for  the  soil 
before  combustion.  For  ease  of  comparison,  the  latter  are  repeated 
below  in  terms  of  the  water-free  soil. 


No.  L 


No.  8.  No.  4. 


No.  6. 


No.  «. 


.078 


.886 


.891  I 


.472 


.068 


The  reason  for  the  results  being  higher  in  the  burned  soil  than  in 
(be  original  may  be: 
1st.    Any  calcium  humates  present  would  have  been  destroyed, 
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the  humus  forming  calcium  carbonate  which  would  be  decomposed 
by  the  hydrochloric  acid. 

2nd.  A  strong  ordor  of  chlorin  was  noticed  in  the  flask  containing 
the  soil  after  the  determination  of  carbonic  acid  in  the  burned  soil 
was  completed.  Some  of  this  chlorin  could  have  passed  into  the 
soda-lime  tubes  forming  calcium  chlorid.  The  chlorin  odor  was  not 
noticed  soon  enough  to  provide  for  its  obsorption  in  a  silver  nitrate 
solution.  No  odor  of  chlorin  was  noticed  after  the  determination 
in  the  original  soil.  The  amount  of  chlorin  given  off  might  have  been 
quite  small  and  yet  a  strong  odor  have  been  present  in  the  flask  on  ac- 
count of  the  highly  odoriferous  nature  of  chlorin  gas. 

The  reason  for  chlorin  being  evolved  in  the  burned  and  not  in 
the  original  soil  may  be: 

1st.  Oxygen  may  be  held  mechanically  by  the  soil  after  the  com- 
bustion, for  the  oxygen  when  heated  in  the  presence  of  HCI  would 
form  water  and  free  chlorin. 

2nd.  The  formation  of  peroxid  of  manganese,  which  would  release 
chlorin,  especially  when  heated. 


Computation  of  Humus  from  the  Analytical  Data. 

In  order  to  determine  the  exact  amount  of  carbon  due  to  the  or- 
ganic matter  of  the  soil,  the  carbon  of  the  carbonic  acid  found  in  the 
original  soil  was  subtracted  from  the  sum  of  the  carbon  found  by 
combustion  and  by  action  of  HCI  on  the  burned  soil,  according  to 
the  following  formulae: 

x=Carbonic  acid  from  organic  matter. 
a=Carbonic  acid  in  original  soil. 
b=Carbonic  acid  from  combustion. 
c=Carbonic  acid  in  burned  soil. 

x+a^=b+c 
x=(b+c)— a 

The  computation  for  the  water-free  soil  for  each  plat  is  seen 
below: 

Carbonic  Add. 


No.  1. 

No.  1. 

No.  8. 

No.  4. 

No.  6. 

No.  t. 

c= 
lH-c= 

S.98 
.008 

B.5S 
.886 

B.88 
.429 

8.12 
.478 

8.24 
.006 

8.89 
.070 

t.078 
.078 

8.045 
.388 

6.789 
.391 

6.693 
.472 

6.886 

.069 

8.480 
.063 

8.006 

8.659 

6.398 

6.121 

6.276 

6.407 

a.3— 21— 1900 
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The  corresponding  percentages  of  carbon  in  the  soil  are: 
Carbon  {Per  Cent). 


No.1. 

1 

No.  2. 

No.  t. 

No.  4. 

No.  6. 

No.  1. 

'            1.64 

1.79 

1.47 

1.67               1.71 

1.7B 

Assuming  the  humus  to  contain  58  per  cent,  of  carbon,  according 
to  Wolff,  and  multiplying  the  carbon  by  1.724  we  get  the  following 
percentages  for  this  substance: 

Sumua  {Per  CenU), 


No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

No.  8. 

1 
2.88   '           8.09 

2.68  j           8.88 

1 
2.96                8.08 

Comparing  the  amount  of  humus  in  the  water-free  soil  shown  by 
the  two  methods  used,  we  have  the  following: 

No.  L 

No.  2. 

No.  8. 

No.  4. 

No.1. 

No.  8. 

Ignition,    

5.06 
2.88 

5.44 

4.flR 

6,49 
8.88 

6.26 
2.96 

6.89 

Combustion 

8.09                2.B8 

8.02 

The  ratios  in  the  soil  free  from  hygroscopic  moisture,  of  the 
quantity  of  humus  calculated  from  the  organic  carbon  to  that  ob- 
tained by  the  ignition  method,  the  latter  being  taken  as  100,  are  as 
follows: 


No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  5. 

No.  8. 

65.9 

66.8 

61.1 

62.6 

66.1 

68.0 

It  will  be  of  interest  to  consider  the  relations  of  the  hydrogen 
to  the  carbon.  As  indicated  in  Note  3,  if  the  assumed  composition 
of  the  humus  is  correct,  the  quantity  of  water  found  by  the  process 
of  combustion  should  very  closely  approximate  the  sum  of  the 
water  the  humus  containing  five  per  cent,  of  hydrogen  would  yield 
and  the  strongly  combined  water  which  makes  up  with  the  humus, 
practically  the  entire  loss  by  ignition  of  tlj^  poll  fr^e  -^^^^  hyjfTQ-  ^ 
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Bcopic  moisture.    The  comparisons  for  the  several  soils,  free  from 
hygroscopic  moisture,  are  as  follows,  in  per  cent.: 

Water  of  Combination  {Per  Cent). 


\ 

No.  1. 

No.  2. 

No.  2. 

No.  4. 

No.  6. 

No.  1. 

Lobs   on    ignition   corrected  for 
loss  of  carbonic  add  from  car- 
bonates,  

6.06 
2.8S 

6.44 

2.0* 

4.96 
2.62 

6.49 
2.88 

6.26 
2.96 

6.89 

Humus  calculated  from  organic 
carbon 

8.02 

Strongly    combined    water,     by 
difference      •.... 

2.28 
1.27 

2.26 
1.89 

2.42 
1.14 

2.61 
1.30 

2.81 
1.82 

2.87 

as  above  on  basis  of  5  per  cent, 
hydrogen,    

1.86 

Total  water  calculated 

S.50 
2.98 

8.74 
S.44 

8.66 
2.66 

8.91 
8.22 

8.64 
2.10 

2.78 

Water  found  by  combustion,   ... 

8.14 

Deficiency  of  water  found 

.62 

.80 

.90 

.69 

.64 

.68 

There  is  no  close  agreement,  in  any  case,  between  the  amount  of 
water  calculated  by  the  use  of  VanBemmelen's  formulae  and  that 
found  by  analytical  methods. 

The  discussion  of  these  results  will  be  deferred  to  a  later  para- 
graph. 

III.    DIRECT  ESTIMATION  BY  THE  GRANDEAU  METHOD. 

Orandeau  tound  that  the  black,  humified  matter  of  stable  manure 
can  be  readily  dissolved  by  weak  alkali,  leaving  the  less  fully  de- 
composed , material  undissolved.  Applying  the  solvent  to  soils  of 
known  history,  he  obtained  solutions  of  humus  that  he  came  to  re- 
gard as  highly  indicative  of  the  available  humus  in  the  soil.  Only  a 
part  of  the  total  humus  is  obtained  by  such  methods,  though  it  has 
been  proposed  to  confine  the  term  ^humus'  to  matter  capable  of  such 
extraction.  Some  distinction  seems  desirable,  however,  and  most 
chemists  adhere  to  the  name  by  which  Grandeau  first  designat<^d 
the  soluble  humus,  matiere  noire  (black  matter).  The  soil  is  first 
treated  with  an  acid  to  liberate  all  humus  acids  from  their  com- 
pounds with  the  bases.  The  method  employed  was  a  modification 
of  the  Huston-Grandeau  process,  as  follows: 

Ten  grams  of  air-dry  soil  were  placed  on  an  asbestos  filter  in  a 
Gooch  crucible  and  extracted  with  one  per  cent,  hydrochloric  acid 
until  the  filtrate  gave  no  reaction  with  ammonia  and  ammonium  oxa- 
late, showing  the  removal  of  iron,  aluminum  and  lime.  The  soil 
was  'then  washed  with  water  until  the  acid  was  entirely  removed. 
The  contents  of  the  crucible  were  washed  into  a  1,000  c.  c.  fiask  with 
500  c.  c.  of  four  per  cent,  ammonia  water.    The  flasks  were^well    j 
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shaken  at  intervals  for  twenty-four  hours,  after  which  they  were  per- 
mitted to  stand  twelve  hours  without  agitation.  Fifty  c.  c.  of  the 
extract  was  then  siphoned  off  into  a  platinum  crucible  and  evapo- 
rated to  dryness  on  a  steam  bath,  placed  in  a  hot-water  oven  for  two 
hours,  cooled  and  weighed.  The  dried  residue  was  ignited  for  fifteen 
minutes,  cooled  and  weighed.  The  difference  in  the  weights  before 
and  after  ignition  was  taken  to  represent  the  matiere  noire.  The 
results  were: 

Matiere  Noi/re  (^Per  Cent). 


No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

No.  8. 

a, 

2.07 
2.18 
2.16 

2.02 
2.06 
2.06 

1.94 
1.91 
1.88 

2.08 
2.10 
2.06 

i.06 
2.26 
2.20 

2.27 

b,    

2.61 

c,    

2.68 

AvflTaffe 

2.13 

2.06 

1.91 

2.06 

2.17 

2.46 

In  water-free  soli 

2.16 

2.08 

1.93 

2.08 

2.19 

2.47 

In  the  above  results,  it  is  to  be  noticed  that  Nos  2,  3  and  4,  the 
three  plats  receiving  lime  compounds,  are  the  lowest,  and  strange  as 
it  may  seem,  the  unfertilized  plat  is  higher  by  .08  per  cent,  than  the 
one  receiving  yard  manure  and  lime. 

An  excess  of  active^  acid  humus  will,  of  course,  tend  to  produce 
acidity  in  the  soil. 

It  is  generally  considered  that  the  growth  of  sorrel  (Rumex  aceto- 
sella)  is  an  indication  of  a  sour  soil.  Nos.  5  and  6  have,  for 
the  past  few  years,  had  considerable  sorrel,  the  grass  on  No.  6  being- 
largely  crowded  out  by  the  weed.  A  fe,w  plants  were  observed  on 
No.  1,  while  on  Nos.  2,  3  and  4,  none  have  been  observed  for  several 
years.  The  agreement  between  the  presence  of  a  slight  excess  of 
matkre  noire  and  of  the  sorrel  is  a  matter  of  some  interest,  although 
the  Grandeau  method  is  not  adapted  to  reveal  whether  or  not  the 
soil  is  actually  acid  in  reaction. 

Representing  the  humus  calculated  from  the  organic  carbon  by 
100,  the  proportions  of  matiere  noire  which  that  from  the  several 
plats  contains,  are  as  follows: 

Proportion  of  Matiere  Noire  in  Organic  Matter. 


No.  8. 


No.  4. 


No.  6. 


No.  8. 


76.8 


72.2  I 


74.2 


81.8 
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THE    NITROGEN   OF  THE  SOIL. 

The  nitrogen  was  determined  by  the  Kjeldahl-Scovell  method. 
Ten  grams  of  the  sample  were  used  and  the  determination  made  ac- 
cording to  the  above  method,  as  given  in  the  Methods  of  the  Asso- 
ciation of  Official  Agricultural  Chemists. 

The  results  obtained  were  as  follows: 

Nitrogen  {Per  Cent.). 


No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  5. 

No.  6. 

a. 

.1206 
.1230 
.1252 

.1140 
.1156 
.1175 

.1346 
.1315 
.1325 

.1866 
.1850 
.1879 

.1880 

b, 

.1450 
.1448 

.1365 

c. 

.1380 

Average 

.122» 

.1449 

.1159 

.132, 

.1866 

.1875 

The  above  calculated  to  water-free  soil  gives  the  following: 


No.  1. 

No.  a. 

No.  3. 

No.  4. 

No.  6. 

No.  6. 

.1144 

.1468 

.1172 

.1841 

.1878 

.1888 

A  comparison  of  the  existing  nitrogen  supply  with  the  amounts 
added  ia  fertilizers  will  be  of  interest. 

The  average  depth  of  the  surface  soil  as  determined  by  the  samples 
taken  is  8.65  inches,  but  taking  9  inches  for  all  the  plats  and  the 
weight  per  cubic  foot  of  water-free  soil  at  G8  pounds,  there  would  be 
in  the  first  9  inches  of  an  acre  the  following  amounts  of  nitrogen  in 
pounds : 


Nitrog 

e7i  lound  {Pounds per  Ac7*e). 

No.  6. 

No.  L 

No.  2. 

No.  3. 

No.  4. 

No.  6. 

3.764 

8,261 

2,604 

2.979 

8.061 

3,084 

Nos.  1,  3  and  4  have  received  no  nitrogen  except  that  secured 
through  the  clover.  Accepting  the  results  obtained  by  Dr.  Frear 
in  1891,  the  yard  manure  used  contains  .50  per  cent,  of  nitrogen. 
Hence,  there  was  applied  to  Nos.  2,  5  and  6  the  following  amounts 
of  nitrogen  in  the  16  years  of  experiment: 
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Nitrogen  Applied  in  tertilizers  {Powndsper  Acre). 


No.  S.  No.  6 


No.  «. 


Nltroffen, 


480  Ibe.  I  676  llM.  i7«  lU. 


Amount  of  nitrogen  found  in  excess  of  that  in  the  unfertilized 
plot  was: 


Nitrogen, 


No.  t.  No.  I         I      No.  1. 


497  lbs.  217  11m  t»  lbs. 


Loss  of  nitroji^en  through  crops  and  leaching: 


No.  2.         I       No.  I  No.  «. 


trtibs. 


SSilta. 


Nitrogen I  m  lbs. 

I I ; 

•Gain. 

No.  4,  which  had  no  nitrogen  applied  directly,  had  215  pounds 
more  nitrogen  per  acre  than  the  unfertilized  plat,  indicating  that 
the  ground  limestone  had  a  beneficial  effect  on  the  nitrogen  supply. 
The  lime  plat  contains  IGO  pounds  less  nitrogen  than  the  unfertilized 
plat,  which  accords  with  the  general  opinion  that  lime  without  ma- 
nure ultimately  leaves  the  soil  poorer  than  if  the  lime  had  not  been 
applied. 

Owing  to  the  fact  that  soils  usually  contain  most  of  their  nitrogen 
in  organic  combination,  the  proportion  present  as  nitric  acid  or  am- 
monia being  relatively  very  small,  a  comparison  of  the  nitrogen  with 
the  carbon,  and  with  the  matiere  noire,  both  the  latter  being  taken 
as  100,  presents  some  interest. 

Nitrogen  Ratios, 


Ratio  to  carbon 

Ratio  to    m    «  h  r  vnr. 


No.  L 

No.  2. 

No.  8. 

No.  4. 

No.  & 

7.49 
5.77 

t.io 

7.07 

7.88 
t.07 

7.N 
•.4S 

7.18 
•.2t 

No.  1. 


l.tt 
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CONCLUSIONS. 

1.  The  combustion  method  affords  more  satisfactory  information 
concerning  the  carbonaceous  organic  matter  of  the  soil,  than  does 
the  simple  process  of  ignition. 

2.  Accepting  the  figures  for  humus  obtained  by  the  application  of 
the  Wolff  factor  to  the  percentages  of  organic  carbon  and  the  weight 
of  a  cubic  foot  of  the  soil  as  represented  by  that  actually  determined 
for  a  block  of  soil  taken  to  the  depth  of  seven  inches,  the  first  nine 
inches  of  soil  over  an  acre  would  contain  the  following  amounts  of 
humus  in  tons: 


No.  1. 

No.  8. 

No.  8. 

No.  4. 

No.  5. 

No.  8. 

Humus 

81.48 

84.87 

28.14 

82.04 

82.82 

83.59 

The  gain  or  loss  as  compared  with  the  unmanured  plats  is: 


No.  8. 

No.  8. 

No.  4. 

No.  6. 

No.  6. 

Humus, 

+2.89 

-4.84 

•  +.M 

+1.84 

+2.U 

The  corresponding  amounts  of  matiere  noire  in  tons  per  acre  to  a 
depth  of  nine  inches,  are: 


No.  1. 

No.  2. 

No.  8. 

1 

No.  4. 

No.  6. 

No.  «. 

Matitrt  noiff , 

28.69 

22.80 

■ 
1 
21.26 

1 
22.92, 

24.19 

27  86 

The  gain  or  loss  as  compared  with  the  unmanured  plats  is: 


No.  2. 

No.  8. 

No.  4. 

No.  6.           No.  6. 

MatUrt  noire,     

+.89 

-2.44 

—.77 

+.60             +8.66 

From  the  above,  the  distinctive  effect  of  lime  in  the  caustic  condi- 
tion, upon  the  humus  is  clearly  seen,  it  being  much  more  active  than 
the  ground  limestone.  In  either  form,  lime  very  perceptibly  de- 
creases the  fnatiere  noire.  Of  the  humus  on  the  plats  receiving 
yard  manure  and  lime,  less  seems  to  have  been  converted  to  matiere 
noire.    The  acidity  of  soil  on  the  sulphate  of  ammonia  plat,  indi- 

Digitized  by  VziOOQlC 


202  ANNUAL  REPORT  OP  Off.  Doc. 

cated  by  the  growth  of  sorrel,  may  have  preserved  the  humus  of  that 
plat  from  so  rapid  destruction. 

3.  The  amount  of  nitrogen  is  decreased  bj  a  continued  use  of 
caustic  lime  without  the  addition  of  other  manures,  there  being  160 
pounds  less  per  acre  than  in  the  plat  receiving  no  manure.  Ground 
linestone  (CaCOa),  although  not  directly  supplying  any  nitrogen,  in- 
creased the  amount  in  the  soil,  probably  by  producing  a  greater 
growth  of  clover  and  thus  increasing  the  nitrogen  through  the  roots 
that  remain  in  the  soil. 

Nitrogen  applied  to  the  soil  in  yard  manure  was  not  lost  very 
largely,  as  there  were  497  pounds  per  acre  found  above  that  in  the 
unfertilized  plat,  while  only  480  pounds  had  been  applied  during 
the  sixteen  years  of  the  experiment.  With  nitrate  of  soda  only 
51.58  per  cent,  of  the  nitrogen"  applied  was  accounted  for  by  the  in- 
crease above  the  unmanured  plat,  while  in  the  case  of  sulphate  of 
ammonia  55.55  per  cent,  of  the  nitrogen  applied  remained  in  the  soil. 
This  would  indicate  that  much  of  the  nitrogen  leached  away,  al- 
though part  of  it  was  taken  off  in  the  heavier  crops  produced. 

The  ratio  of  nitrogen  to  carbon  is  very  uniform  under  the  different 
fertilizer  treatments,  it  varying  from  7.49  per  cent,  in  the  unmanured 
plat  to  8.10  per  cent,  in  the  plat  receiving  yard  manure  and  lime. 


NOTES. 


BY  WILLIAM  FREAR. 


1.  The  weight  obtained  for  a  cubic  foot  of  the  soil  seems  low  for 
the  kind  of  soil,  results  of  Schiibler,  Johnson  and  others  i)ointing 
to  75  to  80  pounds  as  the  probable  weight  of  a  cubic  foot  taken  to 
the  depth  of  12  inches.  It  should  be  recalled!,  however,  that  the 
depth  to  which  the  soil  was  taken  in  this  case  was  little  more  than 
6  inches  and  that  the  more  compact  subsoil  would  naturally  weigh 
more.  Assuming  a  normal  weight  of  80  pounds  per  cubic  foot  taken 
to  the  depth  of  12  inches,  and  that  the  soil  sample  weighed,  correctly 
represents  the  upper  six  inches  over  the  entire  field,  the  weight  of 
the  upper  9  inches  of  soil  over  the  acre  would  be  1,241  tons,  of  which 
9.75  tons  would  constitute  .786  per  cent. 

2.  The  time  allotted  to  the  drying  of  the  samples  over  sulphuric 
acid  was  scarcely  sufficient  to  secure  the  entire  removal  of  hygro- 
scopic moisture.  There  is  no  assurance  that  constant  weights  were 
attained  as  the  result  of  this  drying.  Van  Bemmelen  gives  6.2,  4.45, 
6.8,  3.7  and  5.0  per  cent,  as  the  amounts  he  found  to  be  lost  when 
several  air-dry  soils  were  allowed  to  come  to  constant  weight  over 
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sulphuric  acid.  (Ldw.  Vers.  Stat.,  37,  257-278).  He  gives,  however, 
no  statement  of  the  time  required  for  the  drying.  His  samples  were 
much  more  moist  at  the  outset  than  the  air-dry  soils  used  here. 
Owing  to  the  uncertainty  of  completeness  of  drying  in  Mr.  Hess's 
results  by  the  Van  Bemmelen  method,  those  by  the  ordinary  method 
are  used  as  the  basis  for  estimation  of  water-free  substance. 

3.  Van  Bemmelen,  in  recommending  this  method  of  determination, 
assumes  (1)  that  the  composition  of  the  entire  humus  is  correctly 
represented  by  that  part  extractible  from  the  soil  by  the  action  of 
solutions  of  alkaline  carbonates  or  hydrates  and  precipitated  from 
the  extract  upon  neutralization  or  weak  acidulation;  (2)  that  Wolff's 
factor,  0.471,  applied  to  the  carbon  dioxide  evolved  during  combus- 
tion from  the  organic  matter,  correctly  represents  the  proportion  of 
carbon  in  the  humus  materials  thus  extracted.  The  first  assumption 
results  in  only  an  uncertain  approximation  to  the  truth;  it  is  well 
known  that  the  proportion  of  carbon  in  the  original  undecayed  plant 
residues  is  more  nearly  48  per  cent,  than  .58  and  that,  during  decay 
the  loss  of  other  elements  is  relatively  more  rapid  than  that  of  car- 
bon— those  substances,  such  as  sugars,  starch  and  proteids,  that 
are  more  readily  destructible  by  ferments  and  are,  at  the  same  time, 
less  highly  carbonaceous  than  the  woody  and  ligneous  matters,  dis- 
appearing first;  but  at  what  stage  of  chemical  decomposition  the 
humus  may  be  considered  to  be  formed,  is  undetermined;  since,  how- 
ever, the  fine,  sifted  soils  still  contain,  after  extraction  with  solu- 
tions of  alkaline  carbonates,  important  quantities  of  carbonaceous 
substance,  it  may  be  questioned  whether  the  factor  is  not  too  low,  to 
to  properly  represent  the  total  humus  of  the  soil.  As  for  the  cor- 
rectness of  the  Wolff  factor  as  a  representative  of  the  composition 
of  the  alkali-extractible  organic  matters,  corresponding  to  a  carbon 
percentage  of  58:  The  analyses  collected  by  Wollny  (Die  Zersetzung 
der  Organischen  Stoffe  und  die  Humusbildungen,  etc.,  1897,  p.  215), 
representing  numerous  samples  of  four  different  kinds  of  natural 
humus,  show  a  range  of  52.14  to  59.74  per  cent.,  mean,  56.05  per 
cent.;  while  similar  materials  artificially  prepared  from  sugar,  con- 
tained 64.7  per  cent,  of  carbon.  Wiley  (Analysis,  I,  326),  states  the 
range  of  carbon  to  be  from  40  to  72  per  cent.  Van  Bemmelen  has 
found,  however,  in  the  hydrogen  relations  of  the  soil,  a  check  upon 
his  work,  the  samples  having  been  thoroughly  dried  over  sulphuric 
acid  prior  to  analysis.  If  the  humus,  calculated  from  the  carbon,  be 
subtracted  from  the  total  loss  on  ignition,  the  remainder  should  rep- 
resent little  else  than  water  of  hydration,  containing,  of  course, 
11.11  per  cent,  of  hydrogen.  The  total  water  obtained  by  combus- 
tion in  a  current  of  oxygen  represents  both  the  water  of  hydration 
and  that  formed  from  the  hydrogen  of  the  humus.  Now  the  analy- 
ses of  humus  collected  by  Wollny  show  that  the  percentage  of  Jh;^ro- 
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gen  in  natural  humus  ranges  from  4.4  to  7.03,  but  approximates  5.6 
on  the  average;  cultivated  soils  tend  to  a  somewhat  lower  percentage 
of  this  constituent.  Van  Bemmelen  has  adopted  5  per  cent,  as  the 
average.  The  figures  he  obtained  for  water,  by  direct  estimation 
bj  combustion  and  by  computation  from  the  loss  of  weight  upon  ig- 
nition and  the  carbon  (humus)  determination  in  a  number  of  analy- 
ses are  as  follows: 


Check  Determination:    Water  hy  Comhustion, 


Found. 


Hea%'y  sea  clay  (recent) 

Lighter  sea  clay  (recent),   

Volcanic  clay,  from  Dell 

Gray  volcanic  soil  from  Dell,  . 
Volcanic  day.  Java,  Gtondang, 
Volcanic  clay,  Java,  Slrka,  ... 
Heavy  alluvial  clay,  Java,  


S.67 
S.67 
14.78 
7.6S 
8.06 
4.70 
6.00 


8.61 
8.45 
14.75 
7.74 
8.06 
4.90 
6.61 


These  agreements  are  surprisingly  close.  It  appears  that  if  the 
organic  residues  in  the  soil  have  had  full  opportunity  for  humification 
and  the  samples  have,  prior  to  combustion,  been  thoroughly  dried 
over  sulphuric  acid,  quite  good  results  can  sometimes  be  secured 
by  application  of  Van  Bemmelen's  method.  With  the  wide  range  of 
composition  of  humus  that  is  known,  numerous  exceptions  to  the 
successful  application  of  this  method  may,  however,  be  expected. 

(4)  The  discrepancies  between  the  water  computed  according  to 
Van  Bemmelen's  method  and  that  found  by  analysis  are  too  large  to 
be  passed  without  comment.  Two  explanations  suggest  them- 
selves: (1)  An  error  in  the  making  of  the  combustion.  The  working 
of  the  analyst  was,  however,  checked  by  analyses  of  pure  cane- 
sugar,  with  the  following  results: 


Found 
percent. 


Theory 
percent. 


Carbon,    . . 
Hydrogen, 


42.06 
6.81 


4S.11 
6.48 


The  presence  of  a  little  moisture  in  the  sugar,  in  part  accounts 
for  the  slight  variation  from  theory. 

(2)  A  decided  difference  from  the  average  in  the  composition  of 
the  humus  in  these  soils.  Accepting  this  suggestion,  it  is  found 
that  only  some  compound  relatively  richer  in  oxygen  than  any  speci- 
men of  humus  known  to  the  writer,  would  afford  a  satisfactory  agree- 
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ment  between  the  theory  and  the  actual  results  of  analysis.  Thus 
a  material  of  the  composition  of  apocrenic  acid  (47.2 — 50.9  per  cent, 
of  carbon,  3.8 — i.2  per  cent,  of  hydrogen,  and  41.9 — 47.5  per  cent,  of 
oxygen),  would  much  more  closely  satisfy  the  conditions  of  analysis, 
as  the  following  figures  show: 


1 

No.  L 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

No.  «. 

Calculated,     

2.M 
2.M 

t.l6 
S.44 

8.07 
2.66 

1 
8.85 

8.07 
8.10 

8.15 

Found, .  .  ,  r  ,  -  r  , 

8.14 

It  is  not,  of  course,  intended  to  imply  that  apocrenic  acid  itself 
is  present  in  such  unusual  proportions.  The  real  quantity  of  humus 
corresponding  to  the  organic  carbon  in  these  soils  must,  therefore, 
remain  indeterminate  until  further  iDvestigations  can  be  made.  It 
may  be  assumed,  however,  that  the  triplication  of  analytical  re- 
sults warrants  the  acceptance  of  the  figures  for  organic  carbon  in 
the  respective  plats. 

(6).  In  addition  to  the  points  already  discussed  in  connection  with 
these  results,  there  are  a  number  of  others  possessing  some  interest. 
The  hydrogen  determinations  warrant  us  in  the  use  of  a  humus  fac- 
tor at  least  as  large  as  that  suggested  by  Wolff.  Accepting  this  as 
a  minimum,  it  is  noteworthy  that  after  sixteen  years  of  continuous 
cropping  with  a  four-course  rotation,  this  clay  soil  has  not  fallen 
below  2.50  per  cent,  in  humus,  and  so  does  not  belong  as  yet  to  the 
group  of  "humus  poor"  soils  under  Knop's  classification.  Indeed, 
the  results  by  the  ignition  method,  upon  which  his  classification  is 
apparently  based,  warrant  the  description  of  the  soil  as  "humus". 
These  results  fully  illustrate  the  fact,  well  known  in  practice,  that 
clay  soils  are  much  less  likely  to  deteriorate  in  humus  during  cultiva- 
tion than  are  those  of  a  looser  texture  in  which  oxidation  can  more 
readily  take  place. 

Another  point  of  interest  very  briefly  noted  in  the  thesis,  is  the 
relatively  small  excess  of  organic  matter  on  the  manured  plat.  In 
addition  to  the  larger  residues  of  organic  matter  almost  certainly 
left  upon  the  manured  plat  by  the  larger  crops  it  produced,  as  com- 
pared with  the  unfertilized  land,  there  was  added' directly  in  the 
manure,  9.75  tons  of  organic  matter.  Yet  at  the  end  of  four  rota- 
tions, an  excess  over  the  unfertilized  soil  of  only  2.89  tons  is  shown. 
This  small  amount  may  be  due  in  part  to  the  action  of  the  lime.  If 
the  loss  were  absolutely  the  same  from  this  cause  on  plats  2  and  3, 
the  surplus  with  which  the  manure  is  to  be  credited  is  3.34  tons 
more,  or  6.23  tons.  Even  with  this  allowance,  there  is  still  a  large  de- 
ficiency in  the  organic  matter  added  to  the  soil,  to  be  sujcounter' 
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In  the  absence  of  results  from  the  land  treated  with  yard  manure 
alone,  two  explanations  offer  themselves:  Either  that  the  organic 
matter  of  the  manure  is  more  easily  oxidizable  and  therefore  less 
permanent  in  the  soil  than  is  that  left  by  crops — a  view  which  there 
are  many  facts  tending  to  support;  or  the  lime  acting  in  the  pres- 
ence of  a  larger  body  of  organic  matter,  wrought  an  absolutely  larger 
result  than  it  did  upon  plat  3  with  less  humus. 

The  action  of  caustic  lime  to  decrease  the  humus  of  the  soil  is 
very  distinctly  shown  in  these  results  from  field  trials,  just  as  it  was 
in  the  laboratory  trials  reported  in  a  preceding  portion  of  this  re- 
port. The  annual  loss,  compared  with  that  of  the  unfertilized 
plat,  is  .21  tons  in  excess,  equivalent  to  the  quantity  in  one  ton  of 
stable  manure. 

It  has  been  noted  in  the  thesis  that  the  proportion  of  matiere  noire 
to  total  humus  are  smaller  with  the  stable  manure  and  lime  and 
the  ground  limestone  treatments  than  with  the  remaining  courses 
of  fertilizing.  The  reason  for  this  is  not  clear;  if  it  were  due  to 
some  obscure  action  of  lime  compounds,  the  same  tendency  should 
be  manifest  in  the  results  from  the  application  of  lime  alone.  Such 
tendency  does  not  appear  in  these  results;  it  is,  however,  of  inter- 
est to  recall  that  in  the  eai*lier  reported  laboratory  experiments  upon 
the  action  of  lime  upon  both  limestone  clay  and  muck  soils,  the  pro- 
portion of  matiere  noire  to  total  humus  determined  in  that  case 
by  ignition  simply,  was  strikingly  less  on  the  portions  limed  than 
those  exposed  to  weathering  without  any  addition. 

In  the  absence  of  data  as  to  the  composition  of  the  soil  at  the  time 
when  the  fertilizer  experiments  were  begun,  it  is  impossible  to  dis- 
cover whether  there  has  been  an  absolute  loss  or  gain  of  humus  in 
auy  case.  It  is  therefore  impossible  to  draw  any  satisfactory  conclu- 
sions respecting  the  absolute  effects  of  complete  fertilisers  of  min- 
eral composition  upon  the  humus  supply  of  the  soil;  admittedly,  the 
resultant  quantities  are  less  from  such  fertilizing  than  where  the 
practice,  common  in  Pennsylvania,  of  applying  liberal  dressings  of 
stable  manure  with  lime,  was  followed;  but  the  differences,  in  terms 
of  the  humus  itself,  are  very  small,  the  nitrate  and  amomnia  treat- 
ments producing  respectively  95.5  and  97.7  per  cent,  of  the  humus 
produced  under  the  manure  and  lime  treatment.  Such  differences 
are  far  too  small  to  account  for  the  differences  in  texture  of  the  soil 
claimed  to  result  elsewhere  from  the  two  systems  of  fertilizing. 
Differences  in  other  respects  than  in  the  humus  supply  may  affect  the 
texture  of  the  soil. 

The  deficiency  of  nitrogen  on  the  limed  plots  corresponds  with  the 
results  of  the  laboratory  trials  already  referred  to;  but  the  relative 
gain  of  nitrogen  on  the  land  treated  with  ground  limestone  is  un- 
expected and  merits  further  and  more  detailed  study. 
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CONTRIBUTION    TO    THE    CHEMISTRY    OF 
BUTTER-FAT.* 


BY  C.  A.  BROWNE,  JR. 


m 
The  results  on  the  chemistry  of  butter-fat  herewith  presented 

constitute  partly  the  work  on  regular  experiments  of  the  Station, 

and  partly  extra  work  performed  at  odd  moments  as  the  other  duties 

of  the  laboratory  permitted. 

Nearly  all  of  the  analyses  were  on  samples  of  butter  made  at  the 
Station  creamery,  and  representing  for  the  most  part  the  product 
of  a  herd  of  high-grade  Guernseys.  The  figures  given  in  the  tables 
accompanying  this  article  need  not  be  taken,  therefore,  as  typical 
of  butter-fats  in  general,  though  we  believe  them  to  be,  on  the  whole, 
fairly  representative.  The  differences,  if  there  are  any,  in  the  chem- 
ical composition  of  butter-fat  from  different  breeds  of  cows,  is  a 
subject  at  present  being  investigated  at  this  station. 

We  have  chosen,  for  the  sake  of  convenience,  to  divide  our  subject 
into  three  distinct  heads,  viz: 

1.  The  physical  and  chemical  constants  of  butter-fat. 

2.  The  chemical  composition  of  butter-fat. 

3.  The  chemistry  of  rancidity  in  butter-fat. 


I.  THE  PHYSICAL  AND  CHEMICAL  (CONSTANTS  OF  BUTTER- 

FAT. 


A  word  should  be  said  in  regard  to  the  preparation  of  samples 
of  butter-fat  for  analysis.  The  method  of  procedure  adopted  in 
this  laboratory  is  as  follows:  A  sufficient  quantity  of  the  butter 
is  placed  in  a  glass  jar  or  beaker  and  warmed  at  about  50  degrees 
€.,  with  occasional  agitation,  until  the  water  and  curd  have  sep- 

*Read  by  title  before  the  New  York  meeting  of  the  American  Chemical  Society,  December  2^, 
18W,  and  prlpte^  In  the  Journal.  21.  612-683;  807-827;  apd  975-99^.  ^^  ^^^^r^\^ 
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arated  out,  leaving  the  layer  of  butter-fat  quite  clear.  Then,  with- 
out disturbing  any  of  the  water  and  curd,  as  much  as  possible  of 
the  melted  fat  is  drawn  off  with  a  pipette  into  another  vessel  and 
allowed  to  stand,  if  necessary,  for  further  clarification.  The  sample 
is  then  filtered  through  desiccated  filter-paper  into  a  clean,  dry  jar, 
after  which  it  is  stoppered  and  preserved  for  analysis  in  a  cold  place 
away  from  the  light.  The  special  precaution  to  be  noted,  in  the 
preparation  of  the  samples,  is  the  avoidance  of  too  high  a  tempera- 
ture in  melting.  Butter-fat  is  an  exceedingly  unstable  body  and  a 
temperature  much  above  50  degrees  C.  will  very  soon  produce  chem- 
ical changes.  Too  long  an  exposure  at  50  degrees  C.  even,  will 
alter  the  composition  of  ^tter-fat,*  so  that  no  more  time  than  is 
necessary  should  be  consumed  in  the  processes  of  melting  and  fil- 
tering. 

In  Table  I  are  given  the  results  obtained  for  a  few  of  the  com- 
mon constants  usually  determined  in  butter-fat  analysis. 


Table  L\ 


Constant. 


Rang«. 

Mean. 

0.9060-0.9102 

0.907S 

81.60-M.eo 

8S.8« 

0.20-0.86 

0.60 

224.0-284.9 

228.6 

228.6-284.4 

228 

29.30-87.80 

88.U6 

16.10-17.60 

16.8 

22.80-82.10 

28.8 

86.08-88.84 

87.66 

NmnlMr 

of 
•amples 

■ented. 


40° 
Speolflo  cavity,  jg-gi 

Meltlngr-polnt,     ....' |     81.6o-84.6» 

Acid  number 

Saponification  number 

Ether  number, t  t 

Iodine  number,    

Reichert  number  (two  and  a  half  fframs) 

Relchert-Meissl  number  (five  flrrams) 

Insoluble  acids,  per  cent.,   


40 
10 
10 


The  constants  were  all  detenumed  by  the  usual  processes  em- 
ployed in  the  analysis  of  oils  and  fats;  since  these  are  too  well 
known  to  require  any  detailed  description,  we  will  simply*  indicate 
the  methods  employed,  describing  only  any  modifications  which  are 
introduced. 

The  specific  gravity  was  determined  on  the  melted  samples  at  40 
degrees  C.  by  means  of  a  Westphal  balance,  which  gives  results  accu- 
rate to  the  fourth  decimal.  Whenever  greater  accura<3y  was  required 
a  pycnometer  or  Sprengel  tube  was  used. 


*We  have  found  by  experiment  that  a  butter- fat  kept  at  60^  C.  for  two  days  suffered  a  de- 
crease  in  Its  iodine  number  of  over  one  unit. 

tThe  flsures  from  which  this  and  succeedlnir  tables  are  made  up  represent  the  mean  of  dupli- 
cate determinations. 

tSaponlfication  number  less  0.6,  the  mean  acid  number. 
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The  melting  point  was  determined  according  to  the  method  of  the 
official  chemists.* 

The  acid  number,  or  milligrams  of  potassium  hydroxide  neces- 
sary to  neutralize  the  free  acid  in  one  gram  of  fat,  was  determined  by 
heating  about  ten  grams  of  the  fat  with  fifty  cc.  of  neutral  alcohol 
in^a  ten-ounce  flask  provided  with  a  condensing  tube.  After  allow* 
ing  the  alcohol  to  boil  for  several  minutes,  the  flask  was  cooled 
to  about  50  degrees  C,  when  the  condensing  tube  was  removed, 
and  the  contents  titrated  with  tenth-normal  alkali  (sodium  hydrox- 
ide or  potassium  hydroxide),  using  phenol-phthalein  as  indicator. 

The  determinations  of  the  acid  number  were  made  upon  samples 
of  fat  taken  immediately  after  the  butter  was  churned,  so  it  will  be 
observed  that,  even  when  fresh,  butter-fat  contains  an  appreciable 
amount  of  free  acid.  This  Is  a  fact  of  some  importance  upon  which 
we  will  dwell  more  fully  when  treating  of  the  subject  of  rancidity. 

The  saponification  number,  or  milligrams  of  potassium  hydroxide  - 
necessary  to  saponify  ^one  gram  of  fat,  was  determined  according  to 
the  usual  method.  About  two  and  a  half  grams  of  fat  were  saponi- 
fied vrith  exactly  twenty-five  cc.  of  half-normal  alcoholic  potassium 
hydroxide.  To  secure  concordant  results  great  care  must  be  exer- 
cised in  measuring  of  the  potassium  hydroxide  solution;  for  this 
reason  we  prefer  a  burette  to  the  twenty-five  cc.  pipette  generally 
recommended.  The  saponifications  were  performd  in  flasks  provided 
with  condensing  tubes;  twenty  to  thirty  minutes  were  usually  al- 
lowed for  the  reaction,  after  which  the  contents  of  the  flask  were 
titrated  back  with  half-normal  hydrochloric  acid,  using  phenol- 
phthalein  as  indicator.  Blank  experiments  were  run  with  every 
series  of  determinations. 

The  ether  number,  or  milligrams  of  potasi^ium  hydroxide  neces- 
sary to  saponify  the  neutral  fat  in  one  gram  of  sample,  is  found  by 
subtracting  the  acid  number  from  the  saponiflcation  number. 

The  iodine  number,  or  percentage  of  iodine  absorbed  by  the  fat, 
was  determined  according  to  the  method  of  the  official  chemists.f 
A  burette  was  used  for  measuring  the  iodine  solution  as  more  con- 
cordant results  could  be  secured  than  when  a  pipette  was  employed. 

The  volatile  acid  numbers  were  determined  partly  by  the  Reichert 
method,  when  two  and  a  half  grams  of  fat  were  taken,  and  partly 
by  the  Reichert-Meissl  process,  when  flve  grams  of  fat  were  em- 
ployed. With  the  exception  of  the  quantity  of  fat  weighed  out  the 
method  of  procedure  was  the  same  in  both  cases,  Wollny's  processj 
for  saponiflcation  and  distillation  being  the  one  adopted. 

It  is  a  well-known  fact  that  the  method  of  determining  the  vola- 
tile acids  in  butter-fat  by  the  ordinary  process  of  distillation  is  not 


•Bulletin  No.  4«,  Division  of  Chemistry,  U.  S.  Department  of  Ap^rlculture,  p.  f^. 

tn>.  82. 
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a  qaantitative  one.  The  number  of  cubic  centimeters  of  half-normal 
alkali  consumed  is  always  greater  by  the  Reichert  process,  as  a 
larger  percentage  of  the  volatile  acids  are  driven  over  when  work- 
ing with  a  smaller  quantity  of  fat;  the  results  in  Table  I  show  that 
the  Reichert  process  gives  a  mean  constant  ten  per  cent,  higher  than 
the  Reichert-Meissl  method,  after  calculating  the  figures  both  to 
the  same  weight  of  fat. 

Richard  Meyer  found  that  by  distilling  with  a  current  of  steam, 
the  number  of  cubic  centimeters  of  half-normal  alkali  was  increased 
by  twenty-five  per  cent.  The  experience  in  this  laboratory  has  been 
thab  only  from  seventy-five  to  eighty  per  cent,  of  all  the  volatile 
acids  pass  over  in  one  distillation.  As  a  test,  ten  distillations  were 
made  on  two  and  a  half  grams  of  fat,  the  contents  of  the  flask  being 
replaced  with  110  cc.  of  water  after  each  distillation.  The  first  frac- 
tion took  15.5  cc.  of  tenth-normal  alkali,  the  succeeding  nine  frac- 
tions requiring  each  in  their  order,  2.00,  0.95,  0.60,  0.55,  0.40,  0.35, 
0.30,  0.30,  0.25,  or  together  5.7  cc,  giving  a  total  of  21.2  cc,  thus  mak- 
ing the  original  Reichert  number  of  15.5  over  twenty-five  per  cent, 
too  small. 

Instead  of  distilling  the  lower  fatty  acids  it  is  possible  to  remove 
them  from  the  higher  insoluble  acids  by  washing.*  The  process  can 
be  carried  out  in  connection  with  the  determination  of  the  saponifi- 
cation number,  or  with  the  determination  of  the  insoluble  acids. 
If  worked  in  connection  with  the  former  the  method  of  procedure  is 
as  follows: 

Having  determined  the  saponification  number  of  the  fat  the  fiask 
is  replaced  on  the  steam-bath  until  all  alcohol  is  removed.  The  resi- 
due of  soap  is  then  dissolved  in  100  cc.  of  hot  distilled  water,  and 
after  cooling  to  about  60  degrees  just  enough  half-normal  hydro- 
chloric acid  is  added  to  unite  with  all  the  combined  alkali.f  The 
fiask  is  then  stoppered  with  a  condensing  tube  and  heated  on  the 
steam-bath  until  the  fatty  acids  have  risen  to  the  surface  and  the 
liquid  underneath  has  become  clear.  The  fiask  and  (Contents  are 
now  thoroughly  cooled,  after  which  the  cake  of  insoluble  fatty  acids 
is  gently  detached  from  the  walls  of  the  fiask  by  shaking  and  the 
li(juid  filtered  into  a  liter  fiask.  One  hundred  cc  of  hot  water  are 
then  poured  into  the  saponification  flask  and,  after  the  acids  have 
melted,  thoroughly  shaken.  The  contens  of  the  ffask  are  poured  on 
the  filter  and  the  fiask  again  washed  out  with  hot  water;  this  is  re- 
peated until  all  the  fatty  acids  are  removed  from  the  fiask,  when  they 
are  washed  directly  on  the  filter.     As  soon  as  the  filtrate  amounts 

•Allen:  Commercial  Orgranlc  Analysis  (1899),  Vol.  II,  Part  I,  p.  191. 

tThe  amount  of  half-normal  hydrochloric  acid  necessary  for  this  can  be  found  by  subtracUnff 
the  number  of  cubic  centimeters  of  half-normal  hydrochloric  acid  used  In  titratingr  the  exoesa  of 
potassium  hydroxide  In  the  determination  of  the  saponification  number  from  the  number  of 
cubic  centimeters  of  half-normal  hydrochloric  acid  used  to  neutralize  the  potassium  hydrozld*  is 
the  blank  experiment. 
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to  a  litre  it  is  titrated  with  half -normal  alkali.  It  is  needless  to  re- 
mark that  the  water  used  for  washing  should  be  absolutely  neutral. 

Although  a  larger  percentage  of  the  lower  acids  is  generally 
removed  by  the  above  process  of  washing  than  by  one  distillation, 
the  same  difficulty  of  effecting  a  complete  separation  of  the  soluble 
from  the  insoluble  acids  is  experienced.  It  has  been  found  impos- 
sible to  remove  the  last  traces  of  soluble  acids,  even  by  continued 
washings,  the  higher  and  less  soluble  homologues,  caprylic  and  capric 
acids  especially,  being  retained  by  the  insoluble  acids  on  the  filter. 
The  first  filtrate  (one  liter)  of  soluble  acids  from  a  butter-fat,  treated 
by  the  process  of  washing  just  described,  required  15.5  cc.  of  tenth- 
normal alkali.  The  acids  on  the  filter  were  washed  nine  more  times, 
using  a  liter  of  hot  distilled  water  at  each  washing.  The  succeeding 
filtrates  required  each  in  their  order,  1.05  cc,  0.60,  0.50,  0.40,  0.35, 
0.35,  0.30,  0.30,  0.15,  making  in  all  19.5  cc.  It  is  evident  that, 
while  one  treatment  is  amply  sufficient  to  distinguish  a  butter  from 
a  substitute,  the  method  is  of  little  value  quantitatively  unless  the 
treatment  of  washing  be  repeated  until  the  washings  become  neu- 
tral— a  tedious  operation  at  the  best. 

The  process  employed  by  us  for  determining  the  percentage  of 
insoluble  acids,  or  Hehner  number,  is  as  follows:  Ten  grams  of  the 
fat  are  weighed  out  into  a  wide-necked  250  cc.  flask  and  saponified 
with  ^Ye  cc.  of  fifty  per  cent,  soda  and  twenty-five  cc.  of  ninety-five 
per  cent,  alcohol.  The  alcohol  is  then  distilled  off  and  the  residue 
of  soap  dissolved  in  150  cc.  of  water;  50  cc.  of  hydrochloric  acid 
(1:1)  are  then  slowly  added  with  continuous  shaking,  after  which 
the  flask  is  replaced  on  the  steam-bath  and  allowed  to  stand  until 
the  liquid  beneath  the  layer  of  fatty  acids  has  become  perfectly 
clear.  The  flask  and  contents  are  now  cooled;  the  cake  of  fatty 
acids,  after  hardening  perfectly,  is  loosened  from  the  walls  of  the 
flask  by  shaking  gently,  and  the  liquid  underneath  poured  through 
a  clean  filter.  The  short  arm  of  a  glass  siphon  is  then  introduced, 
allowing  the  end  of  the  tube  to  come  in  contact  with  the  bottom  of 
the  fiask;  the  discharging  end  of  the  siphon  is  closed  by  a  piece  of 
gum  tubing  fitted  with  a  pinch-cock.  The  flask  is  now  filled  about 
three-fourths  full  with  hot  water  and  thoroughly  agitated;  after 
allowing  the  fatty  acids  to  rise  to  the  surface  of  the  liquid,  the  si- 
phon is  filled  by  blowing  in  hot  water  from  a  wash-bottle  at  the  lower 
end,  the  process  being  easily  controlled  by  the  pinch-cock.  In  this 
way  also  any  of  the  fatty  acids,  which  have  risen  within  the  siphon, 
can  be  washed  back  into  the  flask.  The  liquid  underneath  the  layer 
of  fatty  acids  is  now  siphoned  off  into  the  paper  used  for  the  first 
filtration,  the  pinck-cock  serving  to  regulate  the  flow.  When  as 
much  as  possible  of  the  liquid  is  drawn  off,  without  taking  any  of  the 
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insoluble  acids,  the  flask  is  again  nearly  filled  with  hot  water  and 
shaken;  after  washing  out  the  siphon,  the  liquid  is  drawn  off  as  be- 
fore. The  process  is  continued  until  the  washings  cease  to  redden 
litmus  paper;  about  ten  washings,  requiring  over  two  liters  of 
water,  are  generally  necessary  to  effect  this.  When  the  washings 
are  neutral  the  siphon  is  removed,  any  acids  which  may  remain  ad- 
hering to  it,  being  washed  back  into  the  flask  with  hot  water;  the 
flask  is  cooled  and  as  soon  as  the  acids  have  hardened  the  cake  is 
detached  and  the  washings  poured  through  the  filter.  The  flask  is 
then  placed  in  an  inverted  position  over  the  filter  and  allowed  to 
drain  over  night.  In  the  morning  the  filter-paper,  which  generally 
contains  a  small  quantity  of  insoluble  acids,  is  washed  several  times 
with  a  few  cubic  centimeters  of  ether,  the  washings  being  allowed 
to  run  into  the  flask.  The  fla»k  is  ihen  warmed  at  80  degrees  until 
most  of  the  ether  is  expelled  and  then  dried  at  100  degrees  to  con- 
stant weight.  We  have  found  it  expedient  to  dissolve  out  the  acids, 
after  securing  a  constant  weight,  with  hot  alcohol  and  reweigh  the 
flask;  a  difference  of  several  milligrams  is  generally  experienced  be- 
tween the  first  and  last  weighings,  due  to  the  removal  of  soluble  mat- 
ter from  the  glass. 

We  believe  a  quicker  and  more  thorough  washing  of  the  insoluble 
acids,  with  less  danger  of  loss,  is  secured  by  this  method  than  by 
the  usual  processes  for  determining 'the  insoluble  acids.  Duplicate 
results  can  be  secured  which  agree  perfectly.  The  method  is  appli- 
cable not  only  to  the  analysis  of  fats  and  oils,  but  we  have  used  it  to 
advantage  in  soap  analysis. 

One  point  which  we  have  observed  in  connection  with  the  drying 
of  fatty  acids  to  constant  weight  at  100  degrees  C.  is  that  when  the 
acids  were  dried  in  a  low  evaporating  dish  or  beaker  a  constant 
weight  could  never  be  secured;  the  acids  continued  to  lose  in  weight 
even  when  it  was  evident  that  all  moisture  was  removed;  when,  on 
the  other  hand,  the  drying  was  performed  in,  a  flask  a  constant  weight 
was  soon  secured,  after  which  no  change  was  observed,  even  on 
many  hours'  drying.  This  difference  we  believe  to  be  due  to  a  partial 
volatilization  of  the  insoluble  acids;  the  escape  of  volatile  products 
would  be  much  easier  from  an  open  dish  than  from  a  flask;  more- 
over, we  have  always  found,  after  removing  the  flask  containing 
the  insoluble  acids  from  the  oven,  that  the  inner  surface  and  lower 
parts  of  the  neck  of  the  flask  were  coated  with  a  thin  layer  of  con- 
densed acids,  showing  that  a  volatilization  must  have  occurred. 

In  Table  n  are  given  figures  for  a  few  of  the  constants  less  fre- 
quently determined  in  the  analysis  of  butter-fat. 
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Conitant. 


Range. 

Mean. 

8.6-4.8 

4.1 

12.24-li.7» 

12.46 

12.80-12.70 

11.46 

M.72-M.M 

94.86 

6.62-8.96 

7.20 

0.9106-0.9242 

0.91<2 

40.2«-4t.7«» 

41.70 

212.6-217.0 

214.6 

268.1-268.6 

161.0 

0.9476-0.9488 

0.9479 

668.7-677.8 

671.7 

97.17-99.62 

98.11 

Number 

of 
samples 
repre- 
sented. 


Acetyl   number,    

Olycerol  calculated,*  

Glycerol  by  analysis.  

Total  fat  acids  calculated,*  

Soluble  fat  adds  calculated,  

20* 
Bpedflo  gravity  ^  of  insoluble  adds 

Melting  point  of  insoluble  adds 

Saponification  number  of  insoluble  acids.  . 

Mean  molecular  weight  of  insoluble  adds, 

20* 
Bpedflo  gravity  ^  of  soluble  acids 

Saponification  number  of  soluble  acids.  .. 
Mean  molecular  weight  of  soluble  adds,  . 


6 

40 
10 
40 
10 

10 
10 
10 
10 

1 

16 
16 


The  acetyl  number^  or  milligrams  of  potassium  hydroxide  neces- 
sary to  combine  with  the  acetic  anhydride  in  one  gram  of  acetylized 
fatty  acids,  was  determined  according  to  the  method  of  Benedikt  and 
Ulzer.f    The  process,  as  conducted  in  this  laboratory,  is  as  follows: 

Fifty  cc.  of  the  melted  fat  are  saponified,  the  resulting  soap  is 
decomposed  with  hydrochloric  acid,  and  the  insoluble  acids  secured 
according  to  the  usual  methods.  Twenty-five  cc.  of  the  dried  and 
filtered  acids  are  boiled  with  twenty-five  cc.  of  glacial  acetic  acid, 
for  two  hours,  in  a  250  cc.  flask  connected  with  a  reflux, condenser. 
The  mixture  is  then  poured  into  a  large  two-liter  flask  filled  three- 
fourths  full  with  boiling  water;  the  flask  is  thoroughly  agitated  for 
some  minutes  and  then  allowed  to  stand  until  the  acids  have  risen 
to  the  surface.  After  cooling  perfectly  under  running  water,  the 
cake  of  acids  is  gently  detached  from  the  walls  of  the  flask  and  the 
liquid  underneath  poured  out;  the  flask  is  then  filled  half  full  with 
hot  water  and  the  contents  boiled  for  half  an  hour;  a  few  pieces  of 
clean  pumice  stone,  which  have  been  kept  under  water,  are  added  to 
prevent  bumping.  The  liquid  underneath  the  acids  is  then  removed 
by  a  siphon  and  the  acids  washed  by  siphonation,  as  under  determina- 
tion of  insoluble, acids,  until  the  wash-water  is  neutral.  The  acids 
in  the  flask,  after  hardening,  are  allowed  to  drain;  they  are  then 
melted,  transferred  to  a  smaller  vessel,  and  dried  at  100  degrees  until 
all  water  is  removed,  after  which  the  acids  are  filtered  through  dry 
paper  and  preserved  for  analysis. 

To  determine  the  acetyl  number,  three  to  five  grams  of  the  acety- 
lized acids  are  weighed  out  into  a  250  cc.  flask,  dissolved  in  fifty  cc. 
of  neutral  alcohol,  and  titrated  with  half-normal  alcoholic  potash, 

•Calculated  from  figures  given  for  ether  number  In  Table  I.  Digitized  byvjOOQlC 
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using  phenol-phthalein.  The  milligrams  of  potassium  hydroxide  for 
one  gram  of  aeid  are  calculated  as  in  the  determination  of  the  acid 
number,  and  the  number  so  obtained  is  designated  the  acetjl-acid 
number.  An  excess  of  the  alcoholic  potassium  hydroxide  is  then 
added,  the  flask  is  stoppered  with  a  condensing  tube,  and  heated  on 
the  bath  twenty  to  thirty  minutes,  after  which  the  excess  of  potas- 
sium hydroxide  is  titrated  back  with  half-normal  hydrochloric  acid. 
The  quantity  of  potassium  hydroxide  consumed  by  this  second  pro- 
cess, when  expressed  in  milligrams  per  gram  of  fat,  constitutes  the 
acetyl  number.  The  sum  of  the  acetyl-acid  number  and  acetyl  num- 
ber is  known  as  the  acetyl-saponification  number.  The  acetyl  num- 
ber then  represents  simply  the  ether  number  of  the  acetylized  acid, 
being  the  difference  between  the  acetyl-acid  and  acetyl-saponification 
numbers. 

In  reviewing  the  literature  of  the  subject  only  two  other  values 
could  be  found  for  the  acetyl  number  of  butter-fat.  Wachtel  gives 
9.6,  and  Bondzynski  and  Rufi  18.2,  numbers  both  considerably 
higher  than  the  values  given  in  Table  U.  The  acetyl,  figure,  though 
of  little  value  in  practical  butter  analysis,  yet  furnishes  us  a  measure 
of  the  oxy-acids  in  a  fat;  more  will  be  said  as  to  the  employment  of 
this  constant  under  the  subject  of  rancidity. 

The  percentage  of  glycerol  which  a  butter-fat  will  yield  upon  sa- 
ponification can  be  readily  calculated  from  the  ether  number.  In 
the  saponification  of  any  triglycerid  three  molecules  of  potassium 
hydroxide  separate  one  molecule  of  glycerol,  or  168.3  parts  of  pot- 
assium hydroxide  correspond  to  ninety-two  parts  of  glycerol;  one 
gram,  therefore,  of  potassium  hydroxide  would  equal  0.5466  gram  of 
glycerol.*  If  E  represents  the  ether  number  of  a  fat,  the  percentage 
of  glycerol,  G,  which  the  fat  will  yield,  will  be, 

G=0.(^466  E.f 

This  indirect  method  of  estimating  glycerol  can  be  used  in  the 
analysis  of  any  fat  or  oil  which  belongs  to  the  class  of  triglycerids: 
with  diglycerids  the  method  is  not  practicable  as  Benedikt  has 
shown. J  With  rancid  fats,  owing  to  the  presence  of  aldehyde  bodies, 
as  will  be  shown  later,  the  method  gives  too  high  results. 

The  percentage  of  glycerol  was  determined  directly  by  the  method 
of  Benedikt  and  Zsigmondy,||  which  is  based  upon  the  fact  that  one 
molecule  of  glycerol,  when  oxidized  in  a  strongly  alkaline  solution 
with  permanganate,  produces  quantitatively  exactly  one  molecule 
each  of  oxalic  acid  and  carbon  dioxide. 

C8H,08+302=C2H20,+C02+3H20. 


•Zulkowski:  Ber.  d.  ohem.  Qes.,  16,  1140. 

tBenedikt:  Analyse  der  Fette  und  Wachearten,  3rd  Ed.,  p.  182. 
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Allen's*  modification  of  the  original  process  of  Benedikt  and  Zmg^ 
mondy,  was  followed  in  this  laboratory  with  the  exception  of  a  few 
minor  differences. 

Ten  grams  of  batter-fat  are  weighed  into  a  six-ounce  saponifica- 
tion flask  of  heavy  glass  provided  with  a  tightly  fitting  glass  stopper. 
Five  grams  of  potassium  hydroxide  dissolved  in  fifty  cc.  of  water  are 
then  added  and  the  glass  stopper  wired  in  securely.  The  flask  is 
placed  in  the  steam  bath  and  shaken  thoroughly  every  fifteen  min- 
utes, the  heating  being  continued  until  the  contents  of  the  flask  be- 
come thick  and  homogenous,  and  no  more  liquid  fat  is  seen  swim- 
ming on  the  surface:  eight  to  twelve  hours  is  generally  necessary 
for  this.  When  saponification  is  complete  the  flask  is  cooled,  un- 
stoppered,  and  the  contents  washed  out  into  a  large  beaker  with 
200-300  cc.  of  hot  water.  A  perfectly  clean  solution  should  be  ob- 
tained without  any  oily  particles  being  visible. 

The  solution  of  soap  is  decomposed  with  an  excess  of  dilute  sul- 
phuric acid,  and  the  fatty  acids  separated  and  washed  in  the  usual 
way;  the  washings,  which  should  be  clear,  are  made  up  to  one  liter 
and  thoroughly  mixed.  200  cc.  (two  grams  of  fat)  of  this  solution 
are  measured  out  into  a  large  evaporating  dish  or  beaker,  diluted 
to  about  400  cc.  and  neutralized  with  potassium  hydroxide  solution 
using  phenol-phthalein.  Ten  grams  of  solid  potassium  hydroxide  are 
then  added,  and  when  completely  dissolved,  a  saturated  solution  of 
permanganate  is  added,  at  ordinary  temperature,  until  the  liquid 
is  colored  no  longer  green,  but  a  very  dark-blue  (three  to  five  grams 
of  permanganate  are  sufficient  for  this).  The  solution  is  then  heated 
to  gentle  boiling  for  about  an  hour,  the  liquid  becoming  finally  red 
with  precipitation  of  the  hydrated  peroxide  of  manganese;  the  vol- 
ume of  the  liquid,  during  the  boiling,  should  be  kept  at  about  400  cc 
by  adding  water  from  time  to  time.  A  strong  solution  of  sodium 
sulphite  is  then  gradually  added  until  all  color  is  destroyed,  and 
the  liquid  above  the  brown  precipitate  is  clear.  The  solution  is 
next  filtered  through  a  large  funnel,  using  heavy  filter-paper,  into 
a  liter  fiask,  and  the  precipitate  washed  with  hot  water  until  the 
flask  is  nearly  full;  the  slight  turbidity,  which  frequently  shows  in 
the  final  washings,  does  no  harm.  After  cooling  and  making  up  to 
one  liter,  500  cc.  (one  gram  original  fat)  are  measured  into  a  large 
beaker,  acidified  with  acetic  acid,  heated  nearly  to  boiling,  and  pre- 
cipitated with  ten  cc.  of  a  ten  per  cent,  calcium  chloride  solution; 
the  liquid  is  heated  on  the  steam-bath  an  hour  or  more  until  every- 
thing has  settled  out.  The  precipitate,  consisting  of  calcium  oxalate, 
with  a  little  sulphate  mixed,  is  filtered  into  a  prepared  Gooch  cru- 
cible and  thoroughly  washed  with  hot  water.  The  contents  of  the 
Gooch  crucible,  including  the  asbestos  felt,  are  then  washed  back 

•Allen;  Commercial  Onsanl?  Analyelp,  Zt^  Ed.,  (189»),  Vol.  II.  Pt.  1,  p.  814. 
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into  the  original  beaker  with  about  200  ec.  of  hot  water,  acidified 
with  dilute  sulphuric  acid,  and  heated  on  the  bath  for  ten  minutes, 
after  which  the  solution  is  titrated  with  tenth-normal  permanaga- 
nate.  One  cc.  of  tenth-normal  permanganate  equals  0.0046  gram  of 
glycerol. 

The  oxidation  method  for  determining  glycerol  is  a  somewhat  long 
and  tedious  one,  requiring  also  a  certain  amount  of  practice  to  se- 
cure good  results.  The  details  of  the  method,  as  regards  the  oxida- 
tion, must  be  rigidly  adhered  to.  Benedikt*  states  that  the  soluble 
fatty  acids,  butyric,  etc.,  which  are  present  in  the  same  solution 
with  the  glycerol,  do  not  yield  oxalic  acid  on  the  treatment  with 
potassium  hydroxide  and  potassium  permanganate,  but  that  this 
is  true  only  so  far  as  regards  the  original  method.  Johnstonef  and 
Mangold  have  both  found  that  in  strongly  alkaline  solutions  butyric 
acid  can  be  oxidized  to  oxalic  acid.  Experiments  in  this  labora- 
tory confirm  this;  if  too  great  an  excess  of  either  potassium  hydrox- 
ide or  potassium  permanganate  is  used  for  oxidation,  or  if  during 
the  process  of  boiling,  the  liquid  is  allowed  to  become  too  concen- 
trated, abnormal  results  are  secured.  A  butter-fat  which  gave  12.35 
per  cent,  of  glycerol,  when  analyzed  according  to  the  method,  yielded 
over  eighteen  per  cent,  of  glycerol,  by  employing  a  large  excess  of  po- 
tassium hydroxide  and  potassium  permaganate,  and  oxidizing  in  a 
concentrated  solution,  thus  proving  beyond  doubt  that  the  soluble 
acids  had  been  acted  upon.  By  observing  the  necessary  precautions, 
however,  no  danger  need  be  apprehended  from  this  source;  we  have 
found  the  method  to  yield  most  excellent  results  on  many  of  the 
ordinary  fats,  as  well  as  on  butter-fat  itself,  the  agreement  between 
the  percentage  of  glycerol  as  calculated  from  the  ether  number, 
and  as  determined  by  analysis,  being  very  close,  as  the  following 
examples  will  show. 


Fat, 

Ether 
number. 

Glycerol 

calculated. 

Percent. 

Olycerol 

by  analjrala. 

Percent. 

Beef-tallow 

195.5 
193.8 

2n.t 

lO.tt 

lo.n 

12.59 

10.91 

Commercial  Btearin 

10.65 

Butter-fat 

1S.10 

The  total  percentage  of  fatty  acids  which  a  butter-fat  will  yield 
can  be  readily  calculated  if  we  know  the  percentage  of  glycerol  pro- 
duced on  saponification.!     By  inspecting  the  formula. 


•Analyse  der  Fette,  3rd  Ed.,  p.  184. 

tChem.  NewB.  63,  11. 
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C,H5(R02)3+3H^O=C3H,03+3R02H 
Fat+water  (54)=:glycerol  (92)+fattj  acid, 

we  observe  that  in  saponifying  a  fat  fifty-four  parts  of  water  are 
required  for  every  ninety-two  parts  of  glycerol  produced.  The 
yield  of  fat  acids  {F)  from  100  parts  of  fat  would  be  represented 

then  by  the  formula,  F  =  100 +  ^  G  —  G,  or  F  =  100 —  '^^  G. 

in  which  G  equals  percentage  of  glycerol,     (r  as  we  have  shown, 

can  be  obtained  from  the  ether  number  (E)  of  a  fat  by  the  formula, 

G^M). 05466  E\  by  substituting  this  value  for  Gin  the  previous  equa- 

38 
tion  we  obtain,  F=  100  —  —  x  0.05466  Fox  F=  100  —  0.02258  F* 

The  percentage  of  soluble  acids  in  a  butter-fat  can  be  found  by 
subtracting  the  percentage  of  insoluble  acids  (Hehner's  number) 
from  the  percentage  of  total  acids.f 

The  specific  gravity  of  the  insoluble  acids  was  determined  by 
weighing  the  acids  in  air  and  in  water  at  20  degrees,  using  a  sinker. 
For  a  sinker  we  have  found  a  small  platinum  crucible  cover  to  an- 
swer very  satisfactorily,  since  it  offers  a  convenient  receptacle  for 
holding  the  acids;  a  silk  thread  is  used  for  suspending  the  cover  from 
the  beam  of  the  balance;  no  air  bubbles  should  be  present  on  the 
surface  of  the  sinker  during  the  operation  and  to  prevent  their 
appearance  recently  boiled  distilled  water  is  used  throughout  the 
work.    The  following  example  will  illustrate  the  method: 

Weight  of  sinker  and  fatty  acids  in  air  =  6.5460  grams 
Weight  of  sinker  alone  in  air  =5.2110  grams 

Weight  of  insoluble  fatty  acids  in  air    =1.3350  grams  = 
Weight  of  sinker  in  water  at  20  degrees=  4 .9715  grams  = 
Weight  of  sinker  and  acids  in  water 
at  20  degrees  =4.805  grams  =  w! 

From  the  formula  s  =  — j r  we  calculate  the  specific  grav- 

w-r  tj  —  (J  \ 

ity  of  the  insoluble  acids  to  be  0.9106.  This  formula  is  suflSciently 
accurate  for  ordinary  purposes;    more  strictly  it  should  read, 

8  = f — 7+<r,  in  which  <r  equals  the  density  of  air;   the  value 

of  <r  for  dry  air,  within  the  ordinary  range  of  temperature  and  pres- 
sure, is  0.0012.    If  we  desire  to  express  the  gravity  in  terms  of 

wafer  at  4  degrees  we  should  use  the  formula  s  =  — -. — - — —,  +  <r, 
where  d  equals  the  density  of  water  at  the  temperature  of  the 

•Benedlkt:  Analyse  ^cf  fettc,  3rd  Ed.,  p.  168. 
fibid.,  p.  Iff. 
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experiment,  a  value  easily  found  from  tables.     At  20**  d  is  0.9982; 

20° 
our  original  specific  gravity,  then,  corrected  to  -^   would  be  0.9091 

instead  of  0.9106.* 

The  melting-point  of  the  insoluble  acids  was  determined  by  ob- 
serving the  temperature  at  which  the  acids  became  transparent 
when  heated  in  a  capillary  tube.  A  small  piece  of  capillary  tubing, 
about  one  inch  in  length,  is  sealed  at  one  end  and  nearly  filled  with 
the  melted  fatty  acids;  there  should  be  no  air  space  beneath  the 
fatty  acids  and  to  prevent  this,  the  filling  of  the  tube  is  best  accom- 
plished with  a  small  pipette  or  dropper,  the  end  of  which  has  been 
drawn  out  to  a  slender  point.  The  tubes  should  be  filled  and  cooled 
several  hours  before  making  the  determinations. 

In  conducting  the  experiment  the  small  tube  containing  the  fatty 
acids  is  fastened  to- the  bulb  of  a  delicate  thermometer  and  then 
lowered  into  a  large  test-tube,  nearly  full  of  distilled  water  re- 
cently boiled  and  cooled;  the  test-tube  is  fastened  into  a  tall  beaker 
nearly  filled  with  water.  Heat  is  now  gently  applied,  keeping  the 
water  in  the  outer  vessel  constantly  stirred  by  means  of  a  blowing 
bulb.  As  soon  as  the  temperature  of  the  water  in  the  beaker  reaches 
38  degrees,  the  heat  is  raised  more  slowly,  about  1  degree  in  five 
minutes.  A  difference  of  about  1  degree  is  generally  observed  be- 
tween the  beginning  of  melting  and  the  point  of  absolute  transpar- 
en<y;  we  have  used  the  latter  as  the  true  melting-point,  though  the 
mean  of  the  two  readings  would  be  perhaps  a  little  more  correct. 
The  method  of  the  official  chemists  would  not  be  practicable  in  the 
case  of  determining  the  melting-point  of  the  insoluble  acids,  owing 
to  the  solubility  of  the  acids  in  alcohol. 

The  saponification  number  of  the  insoluble  acids,  which  in  this 
case  would  be  identical  with  the  acid  number,  was  determined  by 
dissolving  three  to  five  grams  in  hot  neutral  alcohol  and  titrating 
with  half-normal  potassium  hydroxide. 

From  the  saponification  number  (^),t  the  mean  molecular  weight 

(m)  of  the  insoluble  acids  can  be  readily  calculated  by  means  of  the 

56100^ 
formula  m  =  .J 


•This  method  can  be  used  as  well  for  determining  the  speclflo  gravity  of  butter-fat  at  tht 
ordinary  temperature.  We  have  found  the  mean  specific  gravity  of  butter-fat  corrected  to 
^  to  be  0.9250. 

tAnalyse  der  Pette,  p.  168. 

lln  the  Chem.  Rev.  Fett  u.  Harz-Ind.,  5  [9],  169-172,  R.  Henriquea  calls  attention  to  a 
difficulty  in  estimating  the  mean  molecular  weight  of  the  Insoluble  adds  from  butter-fat.  In 
that  the  values  found  on  drying  the  acids  at  105°-110o  C.  (vis.,  267-270)  differed  from  those  (S66.3% 
263)  obtained  when  the  drying  was  effected  at  the  ordinary  temperature  In  a  vacuum.  (Ab- 
Btract  In  Analyst,  No.  274.  p.  7.) 

The  values  found  by  Henriques  on  drying  In  a  vacuum  are  Identical  wit^  those  given  by  us 
In  Table  II.  The  higher  values,  found  on  drying  the  acids  at  105<»-110<».  we  believe  to  be  due  to 
a  partial  volatilization  of  acids  of  low  molecular  weight,  such  as  laurlc  and  myristlc.  which,  as 
will  be  shown  In  a  later  article,  are  present  In  the  Insoluble  acids  of  butter- fat  in  conslderabl^i 
quantity.    Such  a  volatilization  may  occur  ftt  even  100°,  np  ^e  have  already  Indicated  (p.  Z\2). 
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For  the  determination  of  the  constants  of  the  soluble  acids  from 
butter-fat,  it  is  necessary  first  to  separate  the  acids  in  a  state  of 
complete  purity.    To  effect  this  the  following  process  was  employed: 

One  hundred  grams  of  butter-fat  were  saponified  with  fifty  cc. 
of  fifty  per  cent,  sodium  hydroxide  solution  and  200  cc.  of  alcohol 
in  a  large  flask  provided  with  a  condensing  tube.  After  distilling 
off  the  alcohol,  the  residue  was  dissolved  in  hot  water,  decomposed 
with  excess  of  hydrochloric  acid  (1 : 1),  and  heated  on  the  bath  using 
the  condensing  tube,  with  occasional  shaking  until  the  liquid  un- 
derneath the  layer  of  acids  had  become  clear.  The  contents  of 
the  flask  were  then  cooled,  the  cake  of  acid  detached,  and  the  liquid 
underneath  filtered  through  heavy  paper  into  a  large  evaporating 
dish.  The  insoluble  acids  were  then  remelted,  brought  upon  the 
filter  with  hot  water  and  washed  until  the  filtrate  became  neutral. 
The  combined  filtrates  and  washings  were  neutralized  with  sodium 
hydroxide  solution  using  phenol-phthalein  and  evaporated  to  about 
500  cc;  the  solution  was  next  filtered  into  a  large  separating  funnel, 
acidified  with  dilute  sulphuric  acid,  and  after  cooling  shaken  with 
fifty  cc.  of  washed  ether.  After  standing  for  a  few  minutes,  the 
two  solutions  were  separated  and  the  aqueous  liquid  again  treated 
with  fifty  cc.  of  ether;  the  process  was  repeated  for  a  third  time 
when  the  combined  ethereal  solutions  were  filtered  into  a  dry  dish 
and  the  ether  allowed  to  evaporate  at  the  room  temperature;  the 
residue  of  sofuble  acids* (five  to  six  grams)  was  dried  in  a  vacuum  over 
sulphuric  acid  and  then  preserved  in  a  stoppered  vial.  The  soluble 
acids  thus  obtained  consisted  of  a  light  mobile  liquid  having  a  pale 
straw  color,t  and  giving  the  intense  odor  characteristic  of  butyric 
acid. 

The  specific  gravity  of  the  soluble  acids  was  determined  at  20  de- 
grees C.  by  means  of  a  two  cc.  pycnometer. 

The  saponification  number  was  determined  by  titrating  one  to 
two  grams  of  the  acids,  dissolved  in  neutral  alcohol,  with  half-nor- 
mal potassium  hydroxide.  Knowing  the  saponification  number  («) 
the  mean  molecular  weight  of  the  soluble  acids  is  determined  by  the 

56100 
formula  m  =  . 

8 

We  are  well  aware  that  the  figures  given  in  Table  II  for  the  mean 
molecular  weight  of  the  soluble  fatty  acids  are  much  lower  than 
those  given  by  certain  German  authorities.  Benediktf  gives  139  as 
the  mean  molecular  weight  of  the  volatile  fatty  acids  from  butter- 
fat.  This  number  was  not  found  directly,  however,  but  was  calcu- 
lated on  the  assumption  that  the  Reichert-Meissl  number  is  a  quan- 

*A  quantitative  separation  of  the  soluble  acids  Is  not  effected  by  the  treatment, 
tif  distilled  In  a  vacuum  the  acids  can  be  obtained  colorless. 
tAhalyse  der  Fette.  3rd  Ed.,  p.  546. 

Digitized  by  VziOOQlC 

25  ^ 


220  ANNUAL  REPORT  OF  Off.  Doc. 

titative  expression  for  the  amount  of  volbtile  acids,  an  assumption 
not  warranted  by  experiment  as  has  been  shown.* 

If  the  calculation  be  made  on  the  volatile  acid  number  from  ten 
distillations  instead  of  from  one,  results  will  be  obtained  which  ap- 
proximate very  closely  those  expressed  in  Table  II,  as  the  following 
example  will  show.  A  butter-fat,  containing  8.72  per  cent,  of  solu- 
ble acids,  required  to  neutralize  the  volatile  acids  (ten  distillations) 
from  2.5  grams,  22.3  cc.  of  tenth-normal  sodium  hydroxide,  or  8.92  cc. 

8  72 
of  tenth-normal  sodium  hydroxide  per  gram  of  fat.    ^— -  xiOO  =  97.7, 

the  mean  molecular  weight  of  the  soluble  acids.  Practically  the 
same  figure  is  arrived  at,  if  we  obtain  the  saturation  number  of  the 
soluble  acids,  after  their  complete  removal  by  washing,  according 
to  the  method  already  described.!  Two  and  five-tenths  grams  of  a 
butter-fat,  containing  seven  and  seven-tenths  per  cent,  of  soluble 
acids,  required  19.5  cc.  of  tenth-normal  sodium  hydroxide  to  neu- 
tralize the  soluble  acids  removed  by  washing.  The  cubic  centime- 
ters per  gram  of  fat  would  be  seven  and  eight-tenths  and  the  mean 

7  7 
molecular  weight  would  equal  =^xioo  or  98.7. 

We  have  determined  the  mean  molecular  weight  of  the  volatile 
acids  in  many  butter-fats  by  still  another  process.  The  weight  of 
the  barium*  salts  of  the  volatile  acids,  is  determined  and,  from  the 
amount  of  barium  oxide  contained  therein,  the  mean  molecular 
weight  of  the  combined  acids  is  calculated  by  means  of  the  formula 

jff^  =  — : — \- -f-  9^  iQ  which  m  is  the  mean  molecular  weight 

sought,  r  the  weight  of  barium  salts,  and  h  the  weight  of  barium 
oxide.  The  process  can  be  carried  out  in  connection  with  the  de- 
termination of  the  Reichert  or  Reichert-Meissl  number.  After  neu- 
tralizing the  distillate  of  volatile  acids  with  half-normal  barium 
hydroxide,  the  solution  is  evaporated  to  dryness  in  a  weighted 
platinum  dish,  and  heated  at  100  degrees  C.  to  constant  weight. 
The  residue  is  then  moistened  with  a  little  strong  sulphuric  acid, 
ignited,  and  weighed;  from  the  weight  of  barium  sulphate  is  cal- 
culated the  barium  oxide.  A  comparison  of  the  values  obtained 
for  the  mean  molecular  weight  of  the  volatile  or  soluble  acids  by 
the  above  method  and  by  the  method  of  direct  titration  is  given  here- 
with: 


Range. 

Mean. 

By  direct  titration 

97.M-99.B1 
97.17-98.97 

98  78 

By  weighing  the  barium  salts.  

97  92 

•This  article,  p.  210.    Benedlkt.  elsewhere  In  his  own  work,  calls  attention  to  this  same  fact. 
Analyse  der  Fette,  3rd  Ed.,  p.  137. 
tThls  article,  p.  211. 
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We  can  verify  this  figure  for  the  mean  molecular  weight  of  the 
volatile  or  soluble  fatty  acids  in  the  following  manner: 

For  the  average  butter-fat  we  may  consider  the  following  con- 
stants to  be  nearly  correct: 

Saponification  number,   228.5    (Table  1) 

Insoluble  acids,  per  cent., 87.65  (Table I) 

Soluble  acids,  per  cent., 7.20  (Table  II) 

Saponification  number  of  insoluble  acids, 214.5    (Table II) 

There  are  required  then  for  the  average  butter-fat: 

228.5  mg.  KOH  to  saponify  1  gram  of  fat.      ^ 

0.8766X214.5=  188.0  mg.  KOH  to  saponify  insoluble  acids  in  1  gram  fat 

Difference   40.5  mg.  KOH  to  saponify  soluble  acids  In  1  gram  fat. 

or  40.5  mgs.  of  KOH  are  required  to  saponify  0.0720  gram  of  soluble 

40  5 
acids.    Therefore       '     =5 562.5,  theoretical  saponification,  number 

U.UTlJ 

of  soluble  acids,  and  vtitt-^  =  90.73,  theoretical  molecular  weight  of 
562.5 

the  soluble  acids  in  the  average  butter-fat.  While  this  theoretical 
figure  is  a  trifle  higher  than  any  we  have  found  in  actual  work,  the 
agreement  is  sufficiently  close  to  enable  us  to  say  that  the  mean  mole- 
cular weight  of  the  soluble  acids  from  butter-fat  lies  very  near  to  the 
value  expressed  in  Table  II. 

We  have  often  found  it  convenient  in  our  work,  where  an  accurate 
determination  was  impossible,  either  from  want  of  time,  or  lack  of 
material,  to  make  a  rough  approximation  of  the  percentage  of  solu- 
ble acids;  for  this  purpose  we  have  devised  a  very  simple  formula, 
the  only  factor  necessary*  to  know  being  the  saponification  number  of 
the  butter-fat.  The  equation,  in  which  v  equals  per  cent,  of  soluble 
acids  and  8  the  saponification  number,  is: 

V  =  0.0018  [s  —  (  188,5  +  ?^^^^"j  X  100,  or  v  =  0.09  (3«— 605). 

The  formula  is  deduced  from  data  given  in  the  preceding  tables. 
The  average  butter-fat,  having  a  saponification  Dumber  of  228,  and 
containing  87.65  per  cent,  of  insoluble  acids  with  a  saponification 
number  of  215,  would  require  188.5  milligrams  of  potassium  hydrox- 
ide to  neutralize  the  insoluble  acids  from  one  gram  of  fat.  For  any 
butter-fat,  having  a  saponification  number  5,  this  value  was  found 

to  be  about  188.5  + -    - — .    From  the  molecular  weight  of  the  vola- 

tile  or  soluble  acids,  we  find  that  one  milligram  of  potassium  hy- 
droxide neutralizes  0.0018  gram  of  soluble  acids;  the  difference, 
therefore,  between  the  saponification  number  of  the  butter-fat  and 
the  milligrams  of  potassium  hydroxide  required  for  the  insoluble 
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acids,  multiplied  by  0.0018,  gives  the  weight  of  soluble 
acids  per  gram  of  fat;  multiplying  this  by  100  we  arrive  at  the  per- 
centage of  soluble  acids  sought. 

The  formula  is  not  expected  to  give  results  absolutely  accurate 
in  any  case,  since  variations  in  the  saponification  number  of  a  butter- 
fat  are  caused  to  a  considerable  extent  by  differences  in  the  molecu- 
lar weight  of  the  insoluble  acids,  differences  which  the  formula,  as 
given,  does  not  take  into  account. 


THE  RELATION  BETWEEN  THE  CONSTANTS  OF  DIFFERENT  BUT- 

.  TER-FATS. 

It  was  observed,  in  tabulating  the  results  from  many  analyses  of 
butter-fat,  that  there  existed  a  certain  ratio  between  some  of  the 
different  constants.  An  inspection  of  the  following  table  will  illus- 
trate this  point. 


TobU  III. 


Butter-fat. 

Saponifi- 
cation 
number. 

Relchert 
number. 

Iodine 
number. 

Melting, 
point 

Specific 
gravity 
40°  C. 
15.6°  C. 

1     

226.1 
226.3 
226.9 
280.9 
232.7 
232.9 

15.8 
15.6 
15.7 
16.1 
16.2 
16.8 

84.85 
84.68 
85.45 
88.67 
80.96 
29.56 

83.5° 
84.5° 
83.80 
82.50 
88.00 
82.4° 

0.9092 

2     

0.9068 

8      

0.9070 

4           

0.9068 

5              

0.9085 

8      

0.9068 

We  notice  that  with  an  increase  of  the  saponification  number  a 
quite  uniform  increase  of  the  Reichert  number  takes  place,  while 
the  iodine  absorption  decreases;  these  are  such  variatians  as  one 
would  expect;  a  higher  percentage  of  oleic  acid  of  low  combining 
power  would  raise  the  iodine  number  and  tend  to  diminish  the  sa- 
ponification value;  similarly  an  increase  in  the  percentage  of  the 
soluble  acids  of  high  combining  power  would  elevate  both  the  Reich- 
ert and  the  saponification  numbers. 

Table  IV  comprises  a  few  of  a  large  number  of  butter-fats  anal- 
yzed at  this  station  by  Mr.  W.  S.  Sweetser  in  1894,  and  illustrates 
this  relation  even  more  pointedly  than  Table  III. 
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Butter-fat. 


Saponifl- 

cation 

Iodine 

number. 

number. 

S18.8 

41.82 

282.4 

87.80 

224.« 

87.00 

282.6 

80.21 

286.2 

27.17 

241.6 

26.91 

Reicbert 
number. 


1. 
2. 
8. 
4, 
6, 
8, 


17.1 
17.6 
1B.6 
1».4 
20.8 
21.8 


From  these  tables  it  would  seem  as  if  the  percentages  of  oleic 
and  of  the  soluble  acids  in  different  butter-fats  bore  a  ratio  some- 
what complementary  to  one  another.  It  must  be  remembered  thai 
the  relations,  which  the  foregoing  tables  represent,  are  only  general, 
and  by  no  means  fixed;  there  are  butter-fats  which  show  constants 
bearing  relations  different  from  those  expressed  above,  and  from 
isolated  cases  a  table  might  be  constructed  showing  exactly  opposite 
tendencies.  As  regards  specific  gravity  and  melting-point,  no  defi- 
nite relation  could  be  discovered,  though  the  latter  showed  a  ten- 
dency to  diminish  as  the  saponification  and  Reichert  numbers  in- 
creased. 

ABNORMAL  BUTTER-FATS. 

Different  observers  have  reported  from  time  to  time  cases  in  which 
butter-fats  showed  chemical  and  physical  constants  of  such  abnor- 
mality that,  were  the  samples  not  known  to  be  genuine,  an  analysis 
would  condemn  them  at  once  as  spurious. 

F.  W.  Morse*  has  reported  two  butter-fats,  from  individual  cows, 
giving  Reichert-Meissl  uumbers  of  16.5  and  11.2.  "The  samples 
were  very  hard,  pale  in  color,  and  had  an  odor  resembling  that  of 
tallow;"  these  abnormalities  and  the  phenomenally  low  figures  for 
volatile  acids  were  attributed  to  Jizi  advanced  period  of  lactation,  and 
the  presence  of  cottonseed  products  in  the  feed. 

Samples  1  and  6  of  Table  IV  are  what  might  be  classified  as  ab- 
normal, though  no  note  was  made  at  the  time  of  analysis  as  to  any 
peculiarities  in  physical  appearance.  The  saponification  number  of 
Sample  1  is  far  below  the  limit  usually  assigned  to  this  constant, 
while  the  iodine  absorption  is  excessively  high;  the  irregularities 
of  these  two  figures  are  explained  by  the  prevalence  of  gluten  feed  in 
the  ration. 

The  saponification  and  iodine  numbers  of  Sample  6  vary  at  the 
opposite  extreme;  root  crops,  such  as  sugar-beets  and  mangels,  pre- 

*New  Hampshire  Experiment  Station  Report  (1893),  p.  162. 


Digitized  by 


Google 


224 


ANNUAL  REPORT  OF 


Off.  Doc 


dominated  in  the  rations  fed  to  the  animals  producing  this  butter, 
and  no  doubt  account  for  the  unusual  llgures. 

While  the  butter-fat  from  the  milk  of  single  cows  may  frequently 
show  abnormalities,  such  instances  are  less  common  with  a  full 
herd,  since  individual  differences  would  be  concealed  in  a  general 
average;  nevertheless,  such  instances  do  occur.  Famsteiper*  and 
Karsch  report  the  following  constants  of  two  butter-fats: 


Saponifl- 
catlon 
number. 


Relohert- 
lodlne        MeiMl 
number    number. 


I.    From  180  cows, 
n.    From  25  cowt,   . 


218.68   , 
219.74  i 


49.67 
40.00 


23.80 
23.U 


The  abnormal  chemical  constants  of  these  samples  were  attributed 
to  a  very  advanced  period  of  lactation ;  no  mention  was  made  as  to 
any  anomalies  of  taste,  odor,  etc. 

Sickness,  peculiarities  of  feed,  and  advancement  in  the  period  of 
lactation  are  the  principal  causes  of  irregularities  in  the  composi- 
tion of  butter-fat.  The  subject  is  one  of  special  interest  and  illus- 
trates the  difficulty,  occasionally  experienced,  of  absolutely  identi- 
fying the  character  of  a  questionable  butter-fat.  It  will  be  of  in- 
terest in  this  connection  to  compare  the  generally  accepted  limits 
for  the  three  constants,  used  most  universally  in  butter-fat  analysis, 
with  the  extreme  limits,  where  the  names  of  the  observers  are 
bracketed. 


General  limits. 

Extreme  limits. 

Reichert-Melsfll  number. 
Saponification  number, . . 
Iodine  number 

20-83 
220-236 
26-88 

11.2  (M6rse)-41  (Nilson). 
216      (Samel8on)-245  (Fischer). 
19.6  (Moore)-49.67  (Fameteiner  and  Karsch). 

Influence  of  Ration  upon  the  Chemical  Composition  of  Butter-Fat.t 

Allusion  has  already  been  made  to  the  influence  of  certain  feeds 
upon  the  chemical  constants  of  butter-fat.  Considerable  work  has 
been  performed  at  the  Pennsylvania  Experiment  Station  along  this 

*Zt8chr.  Untersuch.  der  Nahnings  u.  Oenussmlttel  (189S).  16-21;  Abstract  In  Analyst,  No.  268. 
p.  15. 

tBulletlns  18  and  16,  New  Hampshire  Experiment  Station,  contain  some  excellent  experiments 
alonff  this  line.  For  a  full  discussion  of  the  subject  see  article  by  William  Frear  in  Asricultoral 
Science,  7,  No.  t,  p.  UQ 


Digitized  by 


Google 


No.  21.  THE  PENNSYLVANIA  STATE  COLLEGE.  225 

line,  in  connection  with  various  dairy-feeding  experiments,  accord- 
ing to  plans  of  Dr.  William  Frear;  the  results  of  this  work  have,  for 
the  most  part,  not  jet  been  published.  A  full  discussion  and  tabu- 
lation of  these  experiments  would  be  foreign  to  the  nature  and  pur- 
poses of  the  present  article,  but  certain  general  conclusions  from 
the  work  may  be  briefly  stated  in  this  connection.  The  work  of 
others  has,  in  the  main,  been  corroborated;  this  is  true  especially  as 
regards  the  effect  of  different  rations  upon  the  volatile  acid  figure 
and  iodine  absorption.  It  is  to  be  regretted  that  so  few  experiment- 
ers, in  their  work  along  this  line,  have  reported  determinations  of 
the  saponification  number, — a  constant,  the  value  of  which  in  butter- 
fat  analysis,  as  it  seems  of  late,  has  been  too  greatly  under-esti- 
mated. 

Briefly,  the  experiments  conducted  here  indicate  that,  while  the 
tendency  of  certain  feeds,  of  which  gluten  meal  is  a  type,  is  to 
greatly  diminish  the  saponification  number  and  increase  the  iodine 
absorption,  other  rations,  such  as  those  consisting  of  root  products, 
Ibeets,  mangels,  etc.,  have  precisely  an  opposite  effect;  the  extreme 
figures  of  Table  IV,  in  butter-fats  Nos.  1  and  6  were  mostly,  if  not 
entirely,  produced  by  just  such  a  difference  in  ration. 

It  was  found  that*other  feeds,  such  as  cottonseed,  linseed,  and 
corn-meal,  all  produced  decided  effects  upon  the  chemical  qualities 
of  butter- fat;  the  three  feeds  named,  when  fed  in  moderate  quan- 
tities, showed  a  tendency  to  elevate  the  saponification  number,  but 
there  was  a  difference  in  other  respects;  while  cotton  and  linseed 
meal  diminished  the  Reichert  number,  corn-meal  seemed  to  increase 
this  constant;  cottonseed  and  corn-meal  both  caused  a  marked  de- 
crease in  the  iodine  absorption,  whereas  linseed  meal  produced  an 
elevation  in  the  iodine  figure.  Great  care  must  be  exercised  in  the 
interpretation  of  results  from  sucli  experiments;  other  factors,  such 
as  the  individuality  of  the  cow  and  the  stage  of  lactation,  must  not 
be  lost  sight  of.  The  precise  influence  of  a  particular  food  upon  the 
composition  of  the  butter-fat  cannot,  in  every  instance,  be  foretold; 
we  may  say  that  the  effect  will  always  be  more  or  less  a  variable 
quantity,  since  a  great  deal  depends  upon  the  nature  of  preceding 
rations.* 

There  is  room  for  much  study  along  this  particular  line,  and  fur- 
ther researches  are  greatly  to  be  desired,  not  only  as  regards  the 
effect  of  different  kinds  of  food  upon  the  chemical  qualities  of  butter- 
fat,  but  also  as  regards  that  principle  of  the  ration  which  is  most 
active  in  producing  a  given  change,  as  to  whether  it  be  of  a  carbo- 
hydrate, an  albuminoid,  or  a  fatty  nature.    The  solution  of  the  diflQ- 


*I4iiseed  meal,,  for  example,  If  fed  after  a  cotton  meal  ration,  would  elevate  the  iodine  ab- 
torptlon,  whereas,  if  fed  after  gluten  meal,  the  iodine  number  would  be  dimlniehed. 
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cult  physiological  problem,  dealing  with  the  origin  and  formation 
of  the  fat  secreted  by  the  lacteal  glands,  will  certainly  be  pro- 
moted by  such  investigations. 


II.  THE  CHEMICAL  COMPOSITION  OF  BUTTER-FAT. 


We  have  already  spoken,  in  a  somewhat  general  way,  of  those 
proximate  components  into  which  butter-fat  is  resolved  by  the  pro- 
cess of  saponification.  The  percentage  of  glycerol  formed  by  the 
breaking  up  of  the  glycerides  and  the  methods  for  its  estimation 
were  considered  in  the  previous  part.  We  will  confine  ourselves, 
therefore,  in  the  present  part  to  a  study  of  the  various  fatty  acids, 
both  soluble  and  insoluble,  as  we  obtain  them  from  butter-fat,  re-^ 
garding  also,  to  some  extent,  the  combinations  of  these  different 
acids  with  the  glycerol  base  to  form  what  we  know  as  the  glycer- 
ides, the  mixture  of  which  in  varying  proportions  constitutes  butter- 
fat  itself. 

There  is  no  problem  in  analytical  chemistry  more  difficult  than 
that  of  making  a  quantitative  separation  of  a  mixture  of  different 
fatty  acids.  A  mixture  of  two  fatty  acids  is  very  hard  to  analyze, 
much  more  so  a  mixture  such  as  we  find  in  butter-fat  where  at  least 
ten  different  acids  are  present.  In  a  case  of  this  kind  the  most  that 
we  can  hope  for  is  an  approximation,  since  an  exact  quantitative 
separation  is  impossible  in  the  present  condition  of  analytical  chem- 
istry. 

Bearing  this  in  mind,  it  need  not  be  thought  strange  that  the  analy- 
sis of  the  fatty  acids  from  butter  should  be  a  subject  upon  which 
scarcely  two  writers  agree.  Chemists  are  generally  quite  con- 
cordant in  determinations  of  the  saponification  number  and  other 
common  constants  pertaining  to  butter-fat  analysis;  it  seems  only 
reasonable,  therefore,  to  attribute  such  discrepancies  as  we  find 
in  the  percentages  of  the  various  acids  to  defective  methods  of 
analysis. 

In  the  following  table  are  given  the  percentages  of  the  different 
acids  in  butter-fat  according  to  several  authorities: 


Digitized  by 


Google 


No.  21. 


THE  PENNSYLVANIA  STATE  COLLEGE. 

TabU  r. 


227 


Add. 

1. 

2. 

8. 

4. 

Molt.* 

Koefoed.1 

BeU.I 

Blyth.| 

Oleic 

26.62 
40.n 
20.00 

81.11 
1.83 
26.62 
20.18 
7.82 
1.88 
0.46 
1.88 
1.87 

36.1 
.       49.46 

40.40 

Stearic 

Palmitic,  ; 

47.60 

Myristlc 

Laurie, 

Capric ^ 

7.40 

V         2.09 
6.13 

Capryllc,   1 

O.SO 

Caprolc ^ 1 

Butyric,   ; J 

8.49 

Total 

94.85 

91.60 

98.78 

94.69 

A  difference  in  the  composition  of  bntter-fat  itself  no  doubt  ex- 
plains to  some  extent  the  variations  in  the  foregoing  table;  a  differ- 
ence in  composition,  however,  would  hardly  warrjiut  such  wide  dis- 
crepancies as  we  observe  between  columns  1  and  2  in  the  case  of 
stearic  acid,  or  between  columns  2  and  3  in  the  case  of  butyric  acid. 

A  partial  separation  of  the  acids  of  butter  into  two  fractions,  one 
soluble  in  water  and  the  other  insoluble,  is  very  easily  effected,  as 
has  been  shown  ;||  the  real  difficulties  of  the  work  may  be  said  to 
begin  only  with  the  flnal  analysis  of  these  two  portions. 

To  remove  as  far  as  possible  the  difficulties  attending  the  pres- 
ence of  Okie  acid,  a  butter-fat  was  selected  which  gave  a  rather  low 
iodine  absorption;  the  fat  was  examined  first  according  to  the  or- 
dinary methods  of  analysis  and  gave  the  following  constants: 

Saponification  number,  232.7 

Ether  number, 232.5 

Iodine  number,   29.28 

Insoluble  acids,  per  cent., 86.40 

Soluble  acids,  per  cent, 8.35 

Saponification  number  of  insoluble  acids,  . .  215 . 5 

Molecular  weight  of  insoluble  acids, 260.3 

Saponification  number  of  soluble  acids, 572.5 

Molecular  weight  of  soluble  acids, 98,0 

One  hundred  grams  of  the  butter-fat  were  taken  and  the  soluble 
and  insoluble  acids  obtained  by  methods  already  described.    It  is 

•Konlgr:  Nahrungs-u.  Oenussmlttel,  second  edition,  p.  281.  OrUrlnal  reaultt  expressed  as  gly- 
cerldes  were  calculated  to  fatty  acids. 

tKoefoed:  Bulletin  de  1*  Academle  Royale  Danolse,  1891;  Abstract  In  Analyst,  No.  195.  p.  180. 

tBell:  Analysis  and  Adulteration  of  Foods,  Vol.  II.  48.  The  fatty  acids  soluble  In  water  were 
regarded  as  butyric  acid;  the  2.09  per  cent,  of  residual  adds  were  soluble  In  hot  water  and  had 
a  combining  weight  of  138. 

IBlyth:  Foods;  Their  Composition  and  Analysis,  fourth  edition,  p.  840. 

lCf,p.2i».  C^nif^nio 
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an  interesting  and  well-known  fact  that  in  the  natural  fats  only 
acids  exist  that  have  an  even  number  of  carbon  atoms.*  Besides 
the  acids  mentioned  in  Table  V  there  have  been  found  in  butter-fat 
oxy-acidsf  and  also  acetic  and  arachidic  acids  ;t  the  two  latter,  how- 
ever, occur  in  such  minute  quantities  that  their  presence  is  not  worth 
considering. 

ANALYSIS  OF  THE  INSOLUBLE  ACIDS. 

The  two  methods  most  generally  followed  by  chemists  for  ef- 
fecting a  separation  of  a  mixture  of  insoluble  acids  are  that  of  frac- 
tional distillation  and  that  of  fractional  precipitation.  In  our  work 
the  latter  method  was  selected,  since  it  seemed  to  offer  fewer  diflS- 
eulties  and  fewer  sources  of  error;  we  have  never  given  the  distilla- 
tion method  a  fair  trial,  but  a  few  experiments  seemed  to  indicate 
that  there  was  an  insufficient  range  in  the  character  of  the  different 
fractions  and  that  the  whole  process  was  attended  with  danger  of 
decomposition.!! 

In  making  the  fractional  precipitations  the  method  of  Heintz§  was 
for  the  most  part  followed. 

The  insoluble  acids  (86.4  grams),  obtained  from  100  grams  of 
butter-fat  were  dissolved  in  ninety-five  per  cent,  alcohol,  using  such 
a  quantity  that  nothing  crystallized  at  25  degrees  C.  The  solution 
was  then  cooled  to  zero,  and  after  several  hours,  when  crystalliza- 
tion was  complete,  filtered  through  a  funnel  kept  cold  by  means  of 
an  ice-jacket.  The  precipitate  of  fatty  acids,  consisting  of  a  white 
crystalline  mass,  we  will  designate  as  Portion  I,  and  the  acids  con- 
tained in  the  filtrate  as  Portion  II. 

Portion  I  contained,  besides  other  acids,  a  small  quantity  of  oleic 
acid  held  back  mechanically;  to  remove  as  much  as  possible  of 
this,  the  precipitate  of  acids  was  dissolved  in  a  small  quantity  of 
hot  alcohol,  recrystallized  in  the  cold,  and  filtered  as  before,  the 
filtrate  being  added  to  Portion  II. 

Portion  I  was  again  dissolved  in  about  500  cc.  of  hot  alcohol, 
cooled  in  ice-water,  and  after  recrystallization  filtered  through  the 
ice-funnel;  the  precipitate  constituted  Part  1.  The  filtrate  from  Part 
1  was  evaporated  to  about  300  cc,  cooled  in  ice-water,  and  the  fat 
acid  crystals  filtered  off  as  before;  the  precipitate  constituted 
Part  2.  The  filtrate  from  Part  2  was  evaporated  to  about  150  cc, 
and  the  process  continued  for  one  more  crystallization.  Part  3  being 
obtained;   the  filtrate  from  Part  3  was  added  to  Portion  II. 

The  different  Parts  1,  2  and  3,  of  Portion  I  were  then  washed  with 

•Richter'8  Organic  Chemistry.  Smith's  translation  of  fourth  German  edition,  p.  186. 
tBondzynski  and  Rufl:  Ztschr.  anal.  Chem.  (1891),  1. 
tBenedlkt:  Analyse  der  Fette.  third  edition,  p.  644. 

IIKoefoed  (Vid.  op.  cit.  p.  227),  however,  seems  to  have  used  the  distillation  method  with  some 
degree  of  success. 
SHelntz:  J.  prakt.  Chem.,  66,  1. 
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ether  into  weighed  beakers;  after  evaporating  the  ether  the  acids 
were  dried  for  a  short  time  at  100  degrees,  after  which  they  were 
cooled,  weighed,  and  preserved  for  further  examination. 

Portion  II  was  treated  with  100  cc.  of  a  five  per  cent,  solution  of 
magnesium  acetate  in  alcohol,  cooled  to  0"  C,  and  after  crystal- 
lization of  the  magnesium  salts  was  complete,  filtered.  The  pre- 
cipitate. Part  a,  was  washed  with  100  cc.  of  the  alcoholic  magne- 
sium acetate  and  the  washings  added  to  the  original  filtrate.  The 
filtrate  from  Part  a  was  then  rendered  alkaline  with  ammonia  and 
subjected  to  a  second  crystallization  at  0**  C,  when  a  second  precipi- 
tate. Part  6,  was  obtained;  this  was  filtered  off  and  washed  simi- 
larly to  Part  a.  Nothing  more  separating  from  the  filtrate  at  zero, 
the  solution  was  treated  again  with  ammonia  until  strongly  alkaline; 
100  cc.  more  of  the  magnesium  solution  were  added  and  the  liquid 
allowed  to  stand  in  the  cold  for  twenty-four  hours.  The  precipitate 
thus  obtained  was  collected  on  a  filter  and  washed  with  small 
amoynts  of  the  alcoholic  magnesium  solution;  it  constituted  Part  c. 

The  three  fractions  of  Portion  II,  Parts  a,  5,  and  c,  consisting  of 
the  magnesium  soaps,  were  then  decomposed  with  dilute  hydro- 
chloric acid,  and  the  liberated  acids  thoroughly  washed  with  hot 
water  to  remove  all  traces  of  magnesium.  The  fatty  acids  from  each 
fraction  were  then  washed  with  ether  into  weighed  beakers,  and  after 
evaporation  of  the  ether,  dried  ^or  a  short  time  at  100  degrees,  when 
they  were  cooled,  weighed,  and  preserved  for  further  examination. 

In  the  analysis  of  the  different  fractions  from  Portions  I  and  II, 
the  saponification  number  and  iodine  absorption  were  determined; 
from  the  former  constant  the  mean  molecular  weight  of  the  mixture 
of  fatty  acids  is  cakulated*  and  from  the  latter  the  amount  of  oleic 
acid  in  each  fraction  is  determined  ;t  the  oleic  acid,  though  sometimes 
present  in  but  minute  quantities,  must,  nevertheless,  be  considered 
in  the  analysis  of  the  several  fractions. 

Some  uncertainty  prevails  as  to  the  accuracy  of  calculating  the 
percentage  of  oleic  acid  in  a  mixture  of  glycerides  or  fatty  acids  from 
the  iodine  number  alone.  There  is  not  only  the  possibility  of  other 
unsaturated  acids  existing  besides  oleic  acid,  but  also  the  danger 
that  iodine  may  be  substituted  as  well  as  added  in  the  course  of  the 
reaction.  These  objections  are  no  doubt  valid  in  the  case  of  many 
vegetable  and  fish  oils,  but  apply  with  less  force  to  the  common  fats 
of  animal  origin,  which  contain,  so  far  as  known,  only  one  unsatu- 
rated acid,  viz,  oleic. 

The  possibility  of  iodine  being  substituted,  with  the  glycerides  or 


561001 
•By  the  formula  M—       „  -  .     Benedlkt:  Analyse  der  Pette,  third  edition,  p.  168. 


tBy  the  formula  O—  —    r=1.1102  I,  90.07  beinsr  the    theoretical  iodine    absorption  of  pure 


r,-    iw,    r=: 

90.07 
oleic  acid.    Benedlkt:  Ibid.,  p.  171. 
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acids  of  butter-fat  at  least,  appears  to  us  to  be  very  slight;  after  re- 
moving the  olein  or  oleic  acid  by  repeated  crystallizations  of  the  fat 
or  fatty  acids,  the  percentage  of  iodine  absorbed  can  be  reduced  prac- 
tically to  nothing,  thus  showing  that  with  the  higher  saturated 
glycerides  and  acids  but  very  little,  if  any,  substitution  occurs. 

We  have  selected  as  the  first  step  in  the  calculations  the  de- 
termination of  the  mean  molecular  weight  of  the  fatty  acids  in  each 
fraction  after  deducting  the  oleic  acid.  This  result  is  obtained  by 
the  following  formula: 

100 O  _  100—6^, 

m        282 ""        a?       '      * 

_  282  m  (100— 6^) 
^^  ^^     28200— 7?iO    • 

O  =  percentage  of  oleic  acid  as  calculated  from  iodine  number. 

m  =^  mean  molecular  weight  of  original  acids. 

X  =  mean  molecular  weight  after  deducting  oleic. 

If  we  now  assume  that  there  are  not  more  than  two  acids  present 
in  each  fraction  besides  the  oleic  and  that  these  acids  are  adjacent 
homologues  of  even  carbon  atoms,  then  the  relative  percentage  of 
each  acid  can  be  determined  from  the  following  formulas: 


from  which 


X 

+ 

y  = 

=  100; 

X 

+ 

y. 

100 

m 

X 

= 

100  TO, 

(m — TTij)^ 

m 

{m^—my 

100  m,  (7?ij — tn) 

^  m  (m^ — my 

m  =  mean  molecular  weight  of  the  two  acids. 

nil  and  a?  =  molecular  weight  and  percentage,  respectively  of  the 
higher  acid. 

mg  and  y  =  molecular  weight  and  percentage,  respectively,  of  the 
lower  acid. 

The  expression  m, — mj  for  the  saturated  fatty  acids  of  even  carbon 
atoms  equals  28;   substituting  this  value  in  the  previous  equations: 


100  m^  (w — ;/?j) 
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lOOm^w, — m)* 

^  ""  28lii  • 

To  ascertain  what  acids  are  present  in  any  particular  fraction,  it 
is  only  necessary  to  observe  between  what  two  homologues  the  mean 
molecular  weight  of  the  fraction  falls,  after  deducting  the  oleic. 

The  formulas,  as  derived  from  the  two  preceding  general  equations, 
for  calculating  the  percentage  of  stearic  acid  (S)  and  palmitic  acid 
(P)  in  a  mixture  of  the  two,  knowing  the  mean  molecular  weight  (w), 
are  as  follows: 


28400  (m  — 256), 
28  m 


S=  ;.,,- , 


p_  25600  (284  — m) 
28  m 

In  the  same  way  for  palmitic  acid  (t)  and  myristic  acid  (J/): 

p_  25600  (m  — 228), 
^""  28  m  ' 

i.r_  22800  (256  — m) 
^-  28^;i^  • 

The  analytical  data  of  the  various  fractions  belonging  to  Portions 
I  and  n,  together  with  the  calculated  amounts  of  the  different  acids, 
are  given  in  the  following  table: 

*There  Is  some  difference  among  chemists  as  to  the  proper  formula  to  use  for  calculating  the 
percentage  of  two  adds  from  the  mean  molecular  weight.    Benedikt,  Hehner.  and  the  majority  of 

X  V  100 

German  chemists  take  the  formula   — -    +    rr   ■"    ":::.  while  the  calculations  of  Allen,   Pres- 

cott,  and  many  others  are  based  upon  the  formula  scm,4-vn»a=100  m^    The  former  formula  seems 
to  us  the  cmly  correct  one.    To  take  for  example  a  simple  case: 

Per  cent. 
1  molecule  stearic  acid  weighs  284  =  62.69 

1  molecule  palmitic  acid  weighs K<  =  47.41 

2  molecules  of  mixture  weigh 640=100.00 

540 
Mean  molecular  weight  of  mixture  =-^  or  270. 

If  we  determine  now  from  the  two  formulas,  what  percentages  of  stearic  and  palmitic  adds 
will  give  a  mean  molecular  weight  of  270,   we  obtain  52.68  per  cent,  stearic  and  47.41  per  cent. 

X  V  100 

palmitic,  the  theoretical  results,  by  the  formula      —      +       —      -     —  ;  whereas  the  formula 

tni  m2  in 

a;mj+vms=100  m  gives  exactly  fifty  per  cent,  of  each. 
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The  7.90  per  cent,  of  undetermined  acids,  which  escaped  precipi- 
tation, includes  all  of  the  lauric  acid  and  no  doubt  a  considerable 
part  of  the  myristic;  the  percentage  of  each  of  these  acids  can  be  ar- 
rived at  in  another  wa^'.  Having  five  members  present  in  a  mixture 
of  fatty  acids  and  knowing  the  molecular  weight  and  percentage  of 
three  of  them,  the  mean  molecular  weight  of  the  other  two  can  be 
determined  by  the  following  formula: 


a    ,  ^  ,  _^  ,   100— (a  +  !>  +  c)  _  100 


rn. 


VI  ^ 


m^ 


m 


a,  5,  and  c  are  the  percentages  of  the  three  kno.wn  acids  and  m,,  m,, 
and  7^3  their  respective  molecular  weights,  m  is  the  mean  molecular 
weight  of  the  whole  mixture  and  x  the  mean  molecular  weight  of  the 
two  acids  sought. 

Applying  this  formula  to  the  case  in  hand  we  have  for  the  three 
known  acids,  oleic,  stearic,  and  palmitic,  the  following  percentages: 


TahU  TIL 

• 

InlOOparU 
of  butter-fat. 

In  100  parU 
of  acids. 

Oleic  Acld  (from  iodine  number) 

S2.60 
8.76 
87.68 
12.46 

87.61 

Stearic  acid     ' 

4.85 

Palmitic,  acid    

48.61 

Myristic  and  lauric  acids, 

14.43 

Total      

86.40 

100.00 

The  mean  molecular  weight  of  the  insoluble  fatty  acids  from  the 
butter  was  2G0.3;  substituting  these  values  in  the  formula  we  ob- 
tain the  following  equation: 


37.61       4.35       43.61       14.43  ^    100 
282         284         2S6  x      ""260.3" 


or 

or 
w'lence 


14  4'^ 
0.13339  +  0.01532  +  0.17035  +  --^—  =  0.38418; 

X 


14.43 


=  0.06512; 


X  =  221.6. 


This  figure  for  the  mean  molecular  weight  falling  between  200 

'Strictly  the  formula  should  also  take  into  account  the  oxy-aclds;  this,  however,  would  make 
no  difference  with  the  final  results,  inasmuch  as  the  mean  molecular  weight  of  the  determined 
acids  (and  hence  of  the  undetermined)  would  remain  the  same  in  either  case. 
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and  228  would  indicate  a  mixture  of  lauric  and  myristic  acids.  Know- 
ing the  mean  molecular  weight  [[w]]  of  a  mixture  of  mjristic  (J/)  and 
lauric  (L)  acids,  the  percentages  of  each  may  be  calculated  from  the 
formulas 

,^      22800  (77^—200) 

^= 2H^ '   ■ 

^^20000  (228—7/2.) 
28  m 

Substituting  the  value  221.6  for  [^  in  the  preceding  equations  we 
obtain  79.37  per  cent,  myristic  and  20.63  per  cent,  lauric  acid;  this 
would  give  in  the  12^46  parts  of  undetermined  acids  9.89  parts  of 
myristic  and  2.57  parts  of  lauric  acid  for  100  parts  of  butter-fat. 

Such  a  method  for  analyzing  a  mixture  of  fatty  acids  as  the  one 
described  manifestly  presents  many  crudities;  the  method  of  Heintz, 
however,  **supplies  the  only  means  of  obtaining  an  insight  into  a 
mixture  of  non-volatile  acids."*  Unfortunately,  ^Hhere  is  no  prac- 
tical method  of  proving  that  two  and  only  two  acids  are  present"* 
in  any  particular  fraction,  and  therein  lies  the  principal  fault  of 
the  method.  Allen  observes  that  **as  a  rule  if  the  mixed  fatty  acids 
be  divided  into  a  suflBcient  number  of  fractions,  each  fraction  will 
contain  only  two  homologues,"t  and  this  assumption  seems  to  be  a 
fairly  reasonable  one. 

The  oleic  acid  is  a  disturbing  factor  throughout  the  whole  pro- 
cess and  its  presence  must  be  taken  into  account  in  the  analysis  of 
the  different  fractions.  We  believe  too  little  attention  has  been 
paid  to  this  point.  The  method  could  be  improved  greatly  if  there 
were  some  good  means  of  removing  the  oleic  acid  at  the  beginning 
of  the  process.  The  plan  of  converting  the  mixture  of  acids  into  the 
lead  soaps  and  removing  the  lead  oleate  with  ether  would  not  work 
well  on  a  large  quantity-  of  acids,  and  besides  this  the  process  does 
not  effect  a  perfect  separation. 

We  have  taken  no  account  thus  far  of  the  oxy-fat  acids:  that  such 
acids  are  present  in  butter-fat  seems  certain  from  the  acetyl  figure 
which  the  insoluble  acids  always  give.  The  oxy-acids  probably  do 
not  exist  in  the  fat  as  it  is  secreted  from  the  lacteal  glands,  but  are 
later  oxidation  products  of  the  oleic  acid — dioxystearic$  acid  being 
no  doubt  principally  formed. 

C,,H3,0,  +  O  +  H,0  =  C,,H3,0,(0H),. 
Oleio  acid  Dioxystearic  acid. 

Owing  to  the  low  solubility  of  the  higher  oxy-acids  in  cold  alco- 
hol, any  oxy-acids  present  would  come  down  with  the  first  crystal- 

•Hehner  and  Mitchell:  Analyst,  No.  249.  p.  317. 

tCommercIal  Organic  Analysis,  third  edition.  Vol.  II,  Part  I,  p.  W2. 

tA.  Scala  (Star,  sperim.  agrri.   Ital.   (1897),   p.   613,   shows  that  this  acid  Is  formed  amonff  the 
oxidation  products  of  oleic  acid. 
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lization  (Part  1,  Table  VI),  and  this  fact  would  alter  somewhat  the 
percentages  of  the  acids  in  this  fraction. 

Benedikt  has  devised  a  formula  by  means  of  which  the  percentage 
of  an  oxj-acid  in  a  mixture  of  fatty  acids  can  be  calculated  from  the 
acetyl  number,  provided  that  the  constitution  and  molecular  weight 
of  the  oxy-acid  is  known.    The  equation  is 

100  cm 


a(^S6100—42cy 

in  which  c  -=  the  acetyl  number. 

a  --  the  number  of  hydrogen  atoms  in  the  oxy-acid  replaca- 

ble  by  acetyl. 
X  =  percentage  sought  of  the  oxy-acid  having  a  molecular 
weight  m. 

Applying  this  formula  to  the  Insoluble  acids  from  the  average  but- 
ter-fat having  an  acetyl  number  of  4.1  we  would  obtain  for  dioxy- 
stearicf  acid  l.lf>  per  cent.,  or  calculated  to  the  original  butter-fat 
1 .  00  per  cent,  of  oxy-acid. 

There  are  no  doubt  other  oxy-acids  present  besides  the  dioxy- 
stearic  acid  in  the  mixture  of  insoluble  acids,  so  that  the  results  from 
this  method  of  calculation  can  be  considered  only  approximate. 
The  percentage  of  oxy-acids  in  butter-fat  increases  with  time  and 
is  therefore  never  a  tixed  quantity.  The  gradual  increase  in  the 
acetyl  number,  together  with  the  decrease  in  the  saponification  num- 
ber of  the  insoluble  acids,  with  the  age  of  a  butter-fat,  goes  to  show 
that  oxy-acids  of  a  high  molecular  weight  are  continually  being 
formed.  This  fact  will  be  explained  more  fully  under  the  subject 
of  "Rancidity  in  Butter-fat." 

If  we  introduce  a  correction  for  the  percentage  of  oxy-acid,  as 
found,  in  the  first  fraction  of  the  insoluble  acids  and  recalculate 
the  stearic  and  palmitic  acids,  the  analysis  of  Part  1  would  then  be: 


Orams. 


DioxyBtearlc  acid 

Stearic   acid 

Palmitic  acid 

*Benedikt:  Monatsb.  Chem.  (1890).  95,  and  Analyse  der  Fette.  third  edition,  p.  178. 
tFor  dioxystearlc  acid  in  the  formula  a  =  2  and  m  =  816. 


1.00 
1.02 
2.98 
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The  complete  analysis  of  the  insoluble  acids  from  100  parts  of 
butter-fat  accordingly  would  be: 


Grami. 


Dloxystearlc  acid '  l.OD 

Oleic  acid k.  82.50 

Stearic  acid,   *. I  1.8S 

Palmitic  acid,    '  S8.01 

MyrlBtlc  acid 9.89 

Laurie  acid,    i  2.67 

ToUl I  81.40 


A  noteworthy  fact  in  connection  with  the  above  results  is  the  low 
percentage  of  stearic  acid  in  butter-fat.  This  is  somewhat  contra- 
dictory to  the  statements  which  we  find  given  by  many  authorities 
on  the  subject  who  regard  stearic  as  one  of  the  principal  acids  in 
butter-fat,  it  being  placed  by  some  writers  as  high  even  as  forty  per 
cent.  We  believe  that  these  statements  should  be  modified  some- 
what; when  we  consider  that  oleic  acid  of  molecular  weight  282  con- 
stitutes over  one-third  of  the  insoluble  acids  from  butter-fat,  it  is 
self-evident  that  the  percentage  of  stearic  acid  of  molecular  weight 
284  must  be  small  in  comparison  with  that  of  its  lower  homologues, 
to  give  a  mean  molecular  weight  of  261  to  the  whole  mixture. 

Koefoed,*  in  his  analysis  of  butter-fat,  obtained  only  1.83  per 
cent,  stearic  acid  which,  by  a  strange  coincidence,  is  exactly  the 
same  quantity  found  by  us  after  correcting  for  the  oxy-acids. 

Hehner  f  and  Mitchell,  by  removing  the  oleic  and  lower  insoluble 
acids  with  dilute  alcohol  and  analyzing  the  residue,  obtained  only 
from  one  and  three-tenths  to  three  and  six-tenths  per  cent,  steawe 
acid;  the  same  authorities,  with  their  processj  of  removing  all  other 
acids  by  treatment  of  the  insoluble  acids  at  0**  C.  with  a  saturated 
solution  of  stearic  acid  in  alcohol,  obtained  in  over  100  determina- 
tions only  minute  quantities  of  stearic  acid  and  in  many  cases  none 
at  all. 

This  low  percentage  of  stearic  acid  should  rank  with  the  high 
percentage  of  soluble  fatty  acids,  as  one  of  the  characteristic  differ- 
ences between  butter  and  other  animal  fats. 

ANALYSIS   OF   THE   SOLUBLE  ACIDS. 

A  great  many  methods  have  been  devised  for  the  analysis  of  a 
mixture  of  the  lower  soluble  fatty  acids,  but  very  few  of  them  seem 
practicable  in  actual  work.    The  method  of  fractional  distillation, 

♦rirf.op.fi/..  p.  227. 
lAnalyst.  No.  249,  p.  82L 
tWid,  p.  822. 
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which  suggests  itself  perhaps  first  of  all,  does  not  give  good  results 
when  working  with  a  small  quantity  of  acids,  the  principal  diflBculty 
which  we  have  found  being  that  of  not  securing  a  wide  enough  range 
in  the  character  of  the  several  fractions. 

No  more  satisfactory  were  the  methods  based  upon  the  difference 
in  the  chemical  affinities  of  the  various  acids.*  A  neutralized  solu- 
tion of  the  mixed  soluble  acids  was  decomposed  with  successive  por- 
tions of  tenth-normal  sulphuric  acid,  the  liquid  being  subjected  to 
distillation  after  each  addition  of  acid.  The  various  distillates  were 
neutralized  with  tenth-normal  barium  hydroxide  and  the  mean  molec- 
ular weights  of  the  acids  in  each  fraction  determined.  A  difference 
was  found  in  the  acids  of  the  several  successive  distillates,  but  not 
a  distinctive  one,  the  several  molecular  weights  varying  only  from 
two  to  three  units.  The  theory  of  the  method  is  borne  out,  but  im- 
perfectly. In  one  experiment  the  mean  molecular  weight*  of  the 
acids  in  the  first  fraction  was  102.7;  the  succeeding  fractions  gave 
in  their  order  99.4,  96.8,  94.8,  93.9,  91.2,  and  88.7.  It  is  seen  that 
the  mean  molecular  weights  of  the  acids  in  the  successive  distillates 
decrease  until  we  have  practically  pure  butyric  acid  in  the  final  frac- 
tion; the  differences  are  too  small,  however,  to  form  any  basis  for 
calculations.  ' 

The  method  of  Duclaux,t  based  upon  the  difference  in  ratio  of 
vaporization  of  the  various  acids  from  their  solution,  did.  not  appear 
adaptable  to  the  present  instance  where  more  than  two  acids  were 
present. 

The  following  method,  worked  out  by  the  writer,  was  found  to 
give  a  considerable  range  in  the  character  of  the  different  fractions, 
with  but  little  trouble  of  execution;  it  is  based  upon  the  difference 
in  the  solubilityt  of  the  various  lower  homologues  in  water  at  differ- 
ent temperatures. 

One  gram  of  the  mixed  acids  i«  weighed  out  into  a  fifty 
cc.  fiask  and  treated  with  twenty-five  cc.  of  distilled  water,  pre- 
viously cooled  to  nearly  0"*  C.  The  fiask  is  placed  in  a  beaker  of  ice 
and  agitated  frequently  for  about  five  minutes;  the  contents  of  the 
fiask  are  then  poured  into  a  small  filter  placed  in  a  funnel  surrounded 
by  ice,  and  the  flask  rinsed  out  with  small  portions  (five  cc.)  of  the 
cold  water,  the  rinsings  being  poured  upon  the  filter  and  allowed  to 
run  into  a  beaker  holding  the  original  filtrate.  Not  more  than  twen- 
ty-five cc.  of  water  are  used  for  the  washing.  (Fraction  1)  The  acids 
left  on  the  filter  are  washed  back  into  the  fiask  with  about  twenty-five 

•Allen:  Commercial  Organic  Analysis,  third  edition,  Vol.  I,  p.  487. 

tDuclaux:  Ann.  Chem.  Phys.  [5],  11,  233. 

tStorer  (Dictionary  of  Chemical  Solubilities)  gives  the  following: 

Butyric  acid  soluble  In  water  in  all  proportions: 
Caprolc  acid  soluble  In  96  parts  of  water  at  T^  C. 
Capryllc  acid  soluble  In  400  parts  of  water  at  100"  c. 
Caprlo  acid   soluble   In   1000  parts  of  water  at    20°  C. 
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cc.  of  distilled  water  at  30°  and,  after  being  kept  at  this  temperature 
for  five  minutes  with  frequent  shaking,  again  filtered.  The  flask  is 
rinsed  out  and  the  acids  on  the  filter  washed  as  before  with  small 
quantities  of  water  (about  twenty-five  cc.  in  all)  at  30°,  the  com- 
bined filtrate  and  washings  constituting  Fraction  2.  The  acids  re- 
maining on  the  filter  are  then  treated  successively  in  the  same  man- 
ner with  water  at  60°  and  95°,  Fractions  3  and  4  being  thus  ob- 
tained.* 

The  various  fractions  are  next  titrated  with  standard  tenth-nor- 
mal barium  hydroxide,  using  phenol-phthalein  as  indicator;  the  solu- 
tions of  the  barium  salts  are  evaporated  to  dryness  in  weighed 
platinum  dishes,  and  the  residues  dried  to  constant  weight  at  100°. 
From  the  weight  of  the  residue  and  the  weight  of  barium  oxide  con- 
tained therein,  the  mean  molecular  weight  of  the  acids  in  each  frac- 
tion is  determined.!  The  amount  of  barium  oxide  in  the  residue  can 
be  calculated  either  from  the  volume  of  solution  used  to  neutralize 
the  acids,  or  by  igniting  the  residue  with  sulphuric  acid  and  weighing 
the  barium  sulphate. 

In  one  experiment,  conducted  by  the  method  just  described,  there 
were  found  for  the  different  fractions  the  following  results: 


, 

TahU  VIII. 

' 

Temperature 
of  water  used 
for  washing. 

Mean  mole- 

cular  weight 

of  adds. 

Fraction  No. 

1 

5°  C. 
too  C. 
eoo  C. 
950  C. 

91.4 

Fraction  No. 

2,    

lU.l 

3     ..I 

128.6 

4 

The  quantity  of  acids  left  after  treating  with  water  at  60°  amounted 
to  only  a  few  milligrams  and  so  was  insuflScient  for  an  accurate 
molecular  weight  determination. 

The  weight  of  acids  in  each  fraction  can  be  found  from  the  formula 


W= 


Mn 
10,000' 


in  which    W  equals  the  weight  in  grams  of  acids,  M  the  mean 

*The  physical  characters  of  the  acids  are  observed  to  change  during  the  process  of  washing. 
After  the  removal  of  the  first  fraction  the  acids  lose  their  mobility  and  acquire  a  thick,  oily 
consistency.  The  strong  rancid  smell,  characteristic  of  butyric  acid,  entirely  disappears  with 
the  removal  of  the  second  fraction,  while  the  residual  acids  possess  a  very  peculiar  odor,  re- 
sembling somewhat  that  of  perspiration. 

tThis  Journal,  21,  628. 
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molecular  weight  of  the  acids,  and  n  the  number  of  cubic  centimeters 
of  tenth-normal  alkali  used  for  their  neutralization. 

If  we  assume  that  only  two  acids  are  present  in  each  fraction,  an 
assumption*  probably  not  very  far  from  true,  the  percentage  of  each 
acid  can  be  calculated  from  the  mean  molecular  weight  according  to 
the  general  formulas  already  given.  For  a  mixture  of  butyric  CS)  and 
caproic  (C)  acids, 

■p_8800  (116— m) 
^"~  28  m         ' 

^__  11600  (m— 88) 
.  28  m 

For  a  mixture  of  caproic  {C)  and  caprylic  (G^  acids, 

11600  (144—7/1) 


C= 


c. 


28  m  ' 

14400  (m— 116) 
28  m 


Several  analyses  of  the  soluble  acids  from  butter-fat  conducted  by 
the  method  described  gave  the  following  average  composition: 


Per  cent. 


Butyric  acid, 
Caproic  add,    . 
Undetermined, 


66.28 
26.00 
9.72 


The  mean  molecular  weight  of  the  undetermined  acids  can  be  cal- 
culated from  the  equation, 

65.28  ,  25.00  .   9.72  j^  100 
88  116  .a;  98' 

from  which  x  =-•  154.  This  value,  falling  between  144  and  172,  would 
indicate  that  the  undetermined  acids  consisted  of  caprylic  and  capric. 
From  the  mean  molecular  weight  (m)  the  percentages  of  caprylic 
(Cj)  and  capric  {O2)  acids  can  be  calculated  as  follows: 

^        14400  (172— m) 
^'~  28  m-  __J 

•The  wide  difference  In  the  solubility  of  the  lower  acids  In  water  would  almost  preclude  the 
possibility  of  flndln?  more  than  two  acids  in  each  fraction.  There  Is.  however,  this  possibility, 
which  experiments  would  seem  to  Indicate,  that  the  solubility  of  the  higher  a^lds  In  water  Is 
somewhat  greater  if  lower  acids  are  present.       This  Is  a  point  well  worth  ir 
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c.= 


28  m 


In  the  undetermined  residue  of  9.72  per  cent,  we  find  from  the 
above  formulas  sixty  parts  of  caprylic  and  forty  parts  of  capric  acid, 
or  5.83  per  cent,  caprylic  and  3.89  per  cent,  capric  in  the  total  mix- 
ture of  soluble  acids. 

Calculating  the  analysis  to  the  8.35  per  cent,  of  soluble  acids  in 
the  original  butter-fat  we  obtain: 


•Per  cent. 


Butyric  acid, 
Caproio  acid, 
Caprylic  acid, 
Capric  acid.  .. 

Total,    .. 


6.45 
2.09 
0.49 
0.S2 


8.85 


SUMMARY. 


The  results  of  the  analysis  of  the  mixed  acids  from  the  butter-fat 
examined,  together  with  the  equivalent  i[>ercentages  of  tri-glycerides, 
are  given  in  the  following  table: 


Talle  IX. 


Add. 


Percenta8:« 

of 

acid. 


Percentage 
of  trigly- 
cerides. 


Dioxystearic, 

Oleic 

Stearic , 

Palmitic,    .... 

MyriBtic 

Idturic 

Capric 

Caprylic 

Caprolc 

Butyric,    ..... 


Total, 


1.00 

1.04 

82.50 

88.95 

1.88 

1.91 

88.ei 

40.51 

9.89 

10.44 

1.67 

«.7I 

0.82 

0.84 

0.49 

0.58 

2.09 

8.82 

5.45 

6.28 

94.75  i 


100.00 


*In  connection  with  these  percentages  for  the  soluble  acids  it  will  be  of  Interest  to  quote  the 
results  of  two  French  chemists: 

Dudaux  (Compt.  rend.,  102,  1022)  found  in  eight  samples  of  butter  examined  8.88  to  8.60  per 
cent,  butyric  and  2.08  to  2.26  per  cent,  caprolc  acid.  Vlolette  (Compt.  rend..  Ill,  845)  found  for 
good  butter  6.32  to  6.06  per  cent,  butyric  and  8.22  to  8.66  per  cent,  caprolc  add.  Apparently  no 
attempts  were  made  by  either  of  these  chemists  to  determine  the  caprylic  and  capric  acids. 

For  other  results  see  Table  V. 
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Other  bodies,  such  as  coloring-matter,  lecithin,  cholesterin,  phy- 
tosterin,  etc.,  which  occur  in  butter-fat  in  only  minute  quantities, 
have  not  been  considered  in  the  above  analysis.  These  substances 
go  to  make  up  the  unsaponifiable  matter  of  butter-fat,  the  total 
amount  of  which  we  have  found  to  be  only  about  one-tenth  per  cent. 

We  have  made  an  elementary  analysis  of  butter-fat  and  find  the 
agreement  between  the  actual  percentages  of  carbon,  hydrogen, 
and  oxygen,  and  the  theoretical  figures  as  calculated  from  the  per- 
centages of  the  various  glycerides  in  the  preceding  table,  to  be  very 
close. 


Carbon. 

1 

Hydrogen. 

Oxygen. 

Actual 

75.17 
74.86 

U.72 
U.71 

11.11 

Theoretical 

1S.43 

The  close  agreement  between  these  two  sets  of  results  would  indi- 
cate that  the  figures  expressing  the  percentages  of  acids  and  glycer- 
ides in  Table  IX  are  not  very  far  removed  from  the  truth. 

THE  GLYCERIDES  OF  BUTTER-FAT. 

Experiments  of  Bell,*  Blyth,t  and  other  chemists  indicate  that 
there  are  certain  glycerides  in  butter-fat  of  a  complex  nature;  that 
instead  of  simply  one  acid  we  may  have  two  or  even  three  different 
acid  radicals  in  the  same  molecule. 

If  a  mixture  of  tributyrin,  tripalraitin,  and  triolein  be  prepared  and 
treated  with  alcohol,  it  is  possible  to  extract  the  tributyrin  com- 
pletely. With  butter-fat,  on  the  other  hand,  such  an  extraction  can- 
not be  made,  a  fact  due  without  doubt  to  the  butyric  acid  being  com- 
bined with  certain  higher  fat  acids  to  the  same  glycerol  radical.J 
In  confirmation  of  this,  Blyth  and  Robertson||  have  isolated  from 
butter-fat  a  crystalline  glyceride  of  the  formula 

a  mixed  ester  of  butyric,  palmitic,  and  oleic  acids. 

While  a  part  of  the  butyric,  palmitic,  and  oleic  acids  in  butter-fat 
is  no  doubt  bound  up  together  in  one  molecule,  it  is  also  certain  that 
these  acids  exist  in  glycerides  of  a  different  nature.  Experiments 
seem  to  indicate  that  there  are  present  glycerides  which  contain  at 


•Allen:  Commercial  Organic  Analysis,  third  edition.  Vol.  II.  Part  I,  p.  180. 
tBljrth:  Foods;  Their  Composition  and  Analysis,  fourth  edition,  p.  840. 
JBenedlkt:  Analyse  der  Fette.  third  edition,  p.  644. 
||J.  Liond.   Chem.  Soo.,  Proceedings  (1S89),  S. 
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least  two  radicals  of  one  acid  in  the  same  molecule  and  probably 
three.  Tripalmitin  certainly  exists  and  has  been  isolated  by  us 
in  a  state  of  comparative  purity.  The  separation  of  all  the  various 
glycerides  is  a  problem  at  present  beyond  the  power  of  the  chemist. 
It  is  only  possible  to  make  a  few  rough  separations  and  from  certain 
analytical  data  draw  some  general  conclusions. 

If  a  melted  butter-fat  is  allowed  to  stand  for  some  time  at  about 
25*'  C,  a  crystalline  deposit  will  separate  out.  By  filtering  we  ob- 
tain two  portions— a  clear  transparent  oil,  the  so-called  butter-oil, 
and  a  •solid  mass  comprising  all  the  glycerides  of  higher  melting- 
point.  If  the  butter-oil  is  cooled  another  deposit  will  form;  by  re- 
peating the  process  of  filtering  and  cooling,  the  congealing  point  of 
the  oil  can  be  reduced  from  25°  C.  to  below  10°  C.  These  different 
fractions  of  oil  will  be  found  to  differ  in  chemical  as  well  as  physical 
properties,  as  can  be  seen  from  the  following  table: 


Table  X. 


Ck)nflreallng-polnt. 

Iodine 
number. 

Baponifl- 

catlon 

number. 

250  C,    

S6.06 
3».24 
40.96 

23S.0 

120  C,    

2S4.0 

90  c.,    

235  6 

The  increase  in  the  iodine  and  saponification  numbers,  as  the  con- 
gealing-point  decreases,  is  due  to  an  increase  in  the  percentages  of 
oleic  and  the  soluble  acids.  The  quantity  of  soluble  acids  increases 
much  faster  than  the  saponification  number  indicates,  since  the  in- 
crease in  oleic  acid  tends  to  keep  this  constant  down. 

The  butter-oil  of  9°  congealing-point  contains,  according  to  its 
iodine  absorption,  over  forty-five  per  cent,  oleic  acid,  which  quantity 
is  considerably  in  excess  of  the  percentage  required  by  such  a  glycer- 
ide  as  that  of  Blyth  and  Robertson.  Indications  would  point  to  the 
presence  of  glycerides  containing  at  least  two  radicals  of  oleic  acid 
in  the  molecule,  and  there  is  no  reason  to  doubt  the  existence  of  tri- 
olein itself. 

The  solid  mass  left  on  the  filter  after  removing  the  butter-oil,  still 
contains  a  high  percentage  of  oleic  acid;  it  resembles  butter-fat 
itself  in  outward  appearance.  The  body  is  somewhat  harder,  how- 
ever, than  butter-fat,  possessing  also  a  higher  melting-point  and 
lower  content  of  soluble  acids.  For  want  of  a  better  name,  we  have 
termed  this  residue,  left  after  removing  the  oil,  butter-palmitm,    Ther 

Digitized  by  VjOOQlC 


No.  21. 


THE  PENNSYLVANIA  STATE  COLLEGE. 


243 


relation  between  the  constants  of  butter-oil,  butter-palmitin,  and  the 
original  butter-fat  can  be  seen  from  the  following  table: 

Tahle  XL 


, 

MeltlniT- 
polnt. 

Saponlfl- 
oation 
number. 

Iodine 
number. 

Rfilchert 
number. 

Original  bntter-fat     

380 
•250 
880 

281 
283 
228 

Sl.OO 
88.06 
27.M 

15.10 

Butter-oil,     

18.18 

Butter-palmitin,     

11.28 

By  subjecting  the  butter-palmitin  to  repeated  crystallizations 
from  some  suitable  solvent  (chloroform  was  found  to  be  the  best), 
it  is  possible  to  remove  practically  all  of  the  oleins  and  lower  glycer- 
ides  and  to  obtain  almost  pure  tripalmitin  itself.  The  body  possesses 
a  beautiful,  white,  flaky  appearance,  crumbles  readily  between  the 
fingers,  and  leaves  no  oily  spots  when  spread  on  paper.  Traces  of 
oleic,  stearic,  and  lower  soluble  acids  are  generally  present  as  im- 
purities. A  specimen  of  the  glyceride  gave  a  saponification  number 
of  207;  the  saponification  number  of  tripalmitin,  according  to  theory, 
is  208. 

If  we  treat  butter-fat  with  hot  ninety-five  per  cent,  alcohol,  then 
cool,  filter,  and  evaporate  the  alcohol,  a  small  quantity  of  a  gum-like 
fat  is  left.  A  body  so  obtained  melted  at  22.5°  C,  gave  a  saponifi- 
cation number  of  257,  an  iodine  number  of  26.15,  and  yielded  about 
seventy-nine  per  cent,  insoluble  and  fourteen  per  cent,  soluble  acids. 
The  small  percentage  of  the  body  obtained  and  its  high  saponification 
number  (higher  than  that  required  for  an  oleopalmitobutyrin),  would 
point  to  glycerides  containing  more  than  one  radical  of  the  lower 
acids. 

In  conclusion,  the  most  that  we  can  say  is  that,  while  the  evidence 
is  strongly  in  favor  of  the  existence  of  complex  glycerides,  there  are 
equally  good  reasons  for  believing  in  the  existence  of  simpler  bodies. 
An  analysis  of  the  fatty  acids  from  the  different  fractions  of  the 
butter-oil  and  butter-palmitin  would  throw  much  light  upon  the  con- 
stitution of  the  glycerides  contained  therein;  for  such  work,  how- 
ever, our  time  has  been  too  limited.  We  hope,  if  possible,  in  the  fu- 
ture to  continue  our  work  in  this  direction. 


NOTE. 

Inasmuch  as  the  reliability  of  the  analyses,  contained  in  the  fore 

*Ck)n8reallng  point. 
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going  paper,  is  dependent  to  a  great  extent  upon  the  accuracy  of 
certain  chemical  methods,  a  word  should  be  said  in  regard  to  the 
extent  of  error  which  is  involved  in  work  of  the  latter  kind. 

Nearly  all  of  the  calculations  concerning  molecular  weights  and 
percentages  were  based  upon  the  determination  of  two  constants, 
the  saponification  number  and  the  iodine  absorption.  Wherever  pos- 
sible, duplicate,  and  in  some  cases  triplicate,  determinations  of  these 
constants  were  made.  The  difference  between  two  detrminations 
of  the  saponification  number  rarely  exceeded  V  1,  and  the  errpr  be- 
tween duplicate  determinations  of  the  iodine  absorption  was  seldom 
greater  than  ±0.1;  these  differences  would  affect  only  slightly  the 
calculation  of  the  mean  molecular  weights  and  percentages. 

In  standardizing  the  different  solutions  used  for  the  volumetric 
work  we  have  employed  a  few  methods,  which  for  speed  and  accu- 
racy we  think  superior  to  some  other  processes  in  more  general  use; 
we  will  therefore  mention  them  briefly  in  this  connection. 

Tenth-normal  barium  hydroxide  is  standardized  by  evaporating 
a  measured  quantity  (twenty  to  fifty  cc.)  in  a  weighed  platinum  dish 
with  a  slight  excess  of  dilute  sulphuric  acid,  igniting  the  residue,  and 
weighing  the  barium  sulphate. 

Tenth-normal  sulphuric  acid  is  standardized  in  a  similar  way. 
Twenty  cc.  of  the  acid  are  measured  from  a  burette  into  a  weighed 
platinum  dish  and  the  solution  carefully  neutralized  with  tenth-nor- 
mal barium  hydroxide,  using  pbenol-phthalein  as  indicator;  the 
liquid  is  evaporated  to  dryness,  the  residue  ignited,  and  the  weight  of 
barium  sulphate  determined.  The  weight  of  barium  sulphate  found 
divided  by  0.2335  will  give  the  factor  for  the  tenth-normal  sulphuric 
acid.  In  this  way  the  barium  hydroxide  and  sulphuric  acid  can  both 
be  standardized  by  a  single  operation.  Determinations  can  be  made 
in  one-fourth  less  time  by  this  process  than  by  the  usual  method  of 
precipitation  and  with  no  difference  as  regards  accuracy  of  results. 
The  barium  hydroxide  used  should  be  perfectly  pure  and  free  from 
other  alkali;  if  not  C.  P.  it  can  be  easily  purified  by  recrystalliza- 
tion. 

Th^  two  tenth-normal  solutions  just  mentioned  can  be  used  for 
standardizing  the  half-normal  alcoholic  potash  and  half-normal  hy- 
drochloric acid  employed  for  determining  saponification  numbers. 
Another  method,  which  we  have  been  accustomed  to  apply  as  a 
check,  has  proved  very  successful  in  the  case  of  standardizing  these 
last  named  solutions. 

Ten  cc.  of  the  half-normal  potash  solution  are  carefully  neutral- 
ized with  the  half-normal  hydrochloric  acid,  using  phenol-phthalein, 
and  the  number  of  cubic  centimeters  used  carefully  noted;  the  liquid, 
atfter  evaporating  off  the  alcohol,  is  diluted  to  about  fifty  cc.'and  an 
excess  of  platinic  chloride  solution  added.    The  potassium  platini- 
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chloride  is  precipitated  and  determined  in  the  usual  way,  a  Gooch 
crucible  being  used  for  collecting  the  precipitate.  The  weight  of 
potassium  platinichloride  divided  by  1.2145  will  give  the  factor  for 
the  half-normal  alcoholic  potash  solution;  from  the  number  of  cubic 
centimeters  of  the  acid  used  to  neutralize  the  potash  the  factor  for 
the  half-normal  hydrochloric  acid  is  found.  Factors  obtained  for 
the  half-normal  solution  by  precipitation  with  platinic  chloride  and 
by  titration  against  the  tenth-normal  solutions  have  always  showed 
a  very  close  agreeinent. 


in.  THE  CHEMISTRY  OF  RANCIDITY  IN  BUTTER-FAT. 


The  phenomena  attending  the  development  of  rancidity  in  fats  have 
attracted  the  attention  of  chemists  for  many  years;  even  before  the 
beginning  of  the  present  century,  ere  Chevreul  had  begun  his  clas- 
sical "recherches  chimiques  sur  les  corps  gras,"  and  when  the  chem- 
ical constitution  of  fats  was  still  unknown,  it  haii  been  surmised 
that  the  physical  changes  which  oils  and  fats  underwent  on  long 
keeping  were  simply  the  results  of  oxidation;  and  this  is  the  view 
most  generally  accepted  at  the  present  time,  notwithstanding  the 
fact  that  many  eminent  chemists  in  the  past  have  sought  to  explain 
the  development  of  rancidity  in  other  ways. 

From  the  very  complexity  of  its  composition  we  would  suppose 
butter-fat  to  be  a  rather  unstable  body;  if  butter-fat  is  sealed  up 
and  preserved  in  a  cold,  dark  place,  it  will  retain  its  normal  char- 
acter and  appearance  for  many  months,  but  if  kept  in  a  warm  locality 
with  free  exposure  to  the  air  and  light,  it  will  very  speedily  undergo 
chemical  and  physical  changes  and  become,  as  we  say,  rancid. 

By  the  term  '^rancidity"  is  meant  not  simply,  as  is  generally  sup 
posed,  a  development  of  free  acid  (though  this  is  the  general  con- 
comitant of  rancidity),  but  any  chemical  or  physical  change  in  th<i 
character  of  a  fat  from  the  normal.  Fats  can  be  rancid  without  nec- 
essarily being  very  acid;*  rancidity,  according  to  the  present  most 
commonly  accepted  understanding  of  the  term,  is  simply  oxidation, 
and  in  the  early  stages  of  the  process  butter-fat  may  lose  its  charac- 
teristic color  and  smell,  and  develop  an  abnormal  lardy  taste,  and 
still  not  show  an  excessive  degree  of  acidity. 

That  rancidity  in  butter,  as  many  authorities  aver,  is  primarily  the 
result  of  the  activity  of  bacteria,  is  no  doubt  partly  true  of  whole 
butter  with  its  lactose,  casein,  and  other  constituents  to  serve  as  bac- 

*We  believe  v.  Kleckl  was  the  first  to  dlstlnffuish  between  the  terms  rancidity  and  acidity. 
Ztschr.  anal.  Chem.,  84,  6tS  (1S96). 
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terial  food,  but  it  is  certainly  not  the  case  with  pure  butter-fat  which 
is  unable  to  support  micro-organic  life.  The  independent  researches 
of  both  Duclaux*  and  Ritsertf  prove  beyond  question  that  bacteria 
cannot  thrive  in  a  medium  of  pure  fat,  and  that  all  changes  which 
take  place  in  fats  on  keeping  are  wholly  the  results  of  an  oxidation, 
conditioned  to  a  great  extent  by  exposure  to  light.  The  distinction 
between  rancid  butter  and  rancid  butter-fat  should  be  borne  in  mind, 
since  the  former  condition  may  prevail  without  the  latter.  We  have 
paid  but  little  attention  to  the  development  of  rancidity  in  whole 
butter,t  and  will  make  this  a  subject  for  future  study.  The  present 
work  is  confined  entirely  to  those  changes  which  the  pure  fat  under- 
goes after  its  separation  from  all  impurities. 

The  three  factors  most  active  in  the  production  of  rancidity  in  fats 
are  openness  to  air,  exposure  to  light,  and  degree  of  warmth.  Given 
sufficient  time,  decomposition  may  occur  with  the  suppression  of 
any  one  or  even  two  of  these  elements,  but  it  is  of  course  most  rapid 
when  all  three  conditions  ai*e  favorable. 

In  the  development  of  rancidity  in  butter-fat,  under  the  usual  con- 
ditions named  above,  there  are  observed  first  of  all  several  changes 
as  regards  color,  odor,  taste  and  general  appearance.  The  sample 
examined  begins  first  to  acquire  a  lighter  color;  this  change  appears 
first  on  the  surface,  and  the  parts  most  exposed  to  the  light,  from 
which  points  the  action  spreads  slowly  downward  until  finally  the 
whole  mass  has  become  bleached.  |j 

With  this  loss  of  color  we  notice  also  the  development  of  a  lardy 
odor  and  taste;  as  the  period  of  rancidity  advances  the  odor  in- 
creases in  pungency,  while  the  taste,  which  at  firat  was  not  markedly 
acid,  becomes  exceedingly  burning  and  unpleasant.  In  addition  to 
the  above,  we  observe  some  changes  in  consistency;  the  sample, 
which  originally  was  firm  and  solid  in  texture,  begins  to  take  on  a 
granular  look  and  finally  turns,  after  many  months,  into  a  semi- 
solid pasty  mass. 

If  we  determine  the  various  constants  .of  a  butter-fat  at  different 
periods  of  rancidity,  we  notice  still  other  important  changes,  as  can 
be  seen  fr©m  the  following  table: 

•Annal.  de  I'lnstltut  Pasteur,  1888. 

tUntersuchungen  Ubcr  das  Ranzigwerden  der  Pette. 

tLactlc  acid  Is  always  found  In  both  fresh  and  rancid  butter,  but  never  In  rancid  butter-fat. 
We  have  found  0.08  per  cent,  of  lactic  acid  in  fresh  butter  made  from  ripened  cream,  and  0.12  per 
cent.  In  a  rancid  butter.    The  latter  sample  also  contained  0.28  per  cent,  of  free  volatile  adds, 
having  a  mean  molecular  weight  of  94,  to  which  acids  the  rancid  odor  and  taste  of  the  butter 
were  no  doubt  largely  due. 

The  statement  frequently  met  with  that  rancidity  In  butter  Is  produced  by  the  action  of  a 
butyric  ferment  upon  the  fat  with  the  formation  of  butyric  acid.  Is  not  warranted.  It  Is  a  well- 
known  fact  that  milk  sugar  may  pass  by  fermenUtlon  through  lactic  Into  butyric  acid,  and 
there  Is  every  probability  that,  under  favorable  conditions,  much  of  the  lactose  In  butter  Is 
converted  In  this  way  Into  volatile  acid  products. 

The  part  which  bacteria  play  In  the  spoiling  of  butter  has  been  studied  but  little  up  to  the 
present  time;  the  question  Is  one  well  worth  the  attention  of  bacteriologists. 

IIThls  observation  pertains  only  to  samples  of  natural  color;  with  butters  artificially  colored 
the  bleaching  Is  not  always  evident,  showing  that  certain  butter  colors  are  not  affected  by  the 
development  of  rancidity. 
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1 

Oleic 

Fresh,    

0.9 
2.8 
19.4 
51.6 
53.5 
6S.2 

0.48 
1.28 
10.90 
28.84 
80.00 
86.88 

228.1 
230.3 
241.0 
260.0 
262.1 
269.8 

227.6 
229.0 
230.1 
231.2 
232.1 
233.9 

15.63 
16.80 
17.00 
18.76 
19.80 
21.18 

34.96 
34.56 
28.40 
14.35 
11.16 
8.56 

88.79 

1  week 

88.35 

1  month    

81.62 

2  months 

15.98 

4  months,    

12.88 

8  months     

9.49 

We  observe  with  the  development  of  rancidity,  a  decided  increase 
in  the  acid,  saponification,  and  Reichert  numbers,  a  slight  increase 
in  the  ether  number,  and  a  very  marked  decrease  in  the  iodine  ab- 
sorption. 

"Degrees  rancidity"  is  a  constant  employed  by  many  chemists  as 
another  way  of  expressing  the  free  acid  in  fats,  and  is  placed  in  this 
and  succeeding  tables  only  for  the  purpose  of  comparison.  It  was 
introduced  into  fat  analysis  by  Stockmeier*  and  represents  the  num- 
ber of  cubic  centimeters  of  normal  alkali  required  to  neutralize  the 
free  acid  in  100. grams  of  fat:  the  number  of  cubic  centimeters  of 
tenth  normal  alkali  necessary  to  neutralize  the  free  acid  in  10  grams 
of  fat  would  also  give  "degrees  rancidity;"  one  degree  rancidity 
would  correspond  to  an  acid  number  of  0.56. 

The  effects  of  rancidity  upon  the  composition  of  butter-fat  are 
also  shown  by  Table  Xni,  where  the  chemical  constants  of^  four 
different  samples  are  given  in  both  the  fresh  and  rancid  conditions. 

*VlertelJahrs8Chrlft  Nahr.  und  Qenussmlttel  (1889),  428.  Accordiner  to  Stockmeler,  a  butter-f&t 
showing  more  than  eierht  degrees  rancidity  should  be  condemned  as  unftt  for  use.  Chemists  have 
recognized  the  Impossibility  of  fixing  any  such  arbitrary  standard  as  this;  a  butter-fat  may  show 
only  two  or  three  degrees  rancidity  and  still  be  offensive  to  our  organs  of  sense,  which  latter, 
we  may  say,  are  far  superior  to  any  chemical  methods  in  forming  Judgments  as  to  the  palata- 
blllty  of  foods. 
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Fresh,     

Rancid 

Fresh 

Rancid.   1  month. 

Fresh 

Rancid,  2  months. 

Fresh 

Rancid,   8  months, 


0.80 
2.18 
0.89 

12.66 
0.98 

20.95 
0.93 

26.43 


i 

s 

a 


0.46 
1.22 
0.50 
7.09 
0.56 

11.73 
0.51 

14.80 


i 
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a 

a 
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1 
a 
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a> 

229.9 

229.5 

232.3 

231.1 

223.9 

223.4 

238.7 

226.6 

232.6 

232.1 

247.7 

286.0 

226.6 

22S.1 

245.8 

230.5 

83.93 
29.96 
84.49 
28.69 
29.56 
19.76 
84.92 
22.55 
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37.66 
33.26 
38.28 
31.85 
82.81 
21.93 
88.76 
25.03 
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7.6 
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10.9 
4.1 

15.1 
8.8 

18.0 
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^J 

Z 

l« 
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5 

87.20 

12.S4 

86.80 

12.40 

88.96 

12.21 

85.06 

12.02 

86.41 

12.69 

80.42 

12.86 

88.46 

12.83 

81.15 

11.67 

Sample  1  was  exposed  for  three  months  to  air  and  light  In  a  cold  room  during  winter;  a 
represents  the  unoxidized  bottom  layer,  and  was  unchanged;  b  represents  the  upper  oxidized 
part  which  was  bleached  and  had  an  abnormal  taste  and  smell.  Samples  2b.  8b  and  4b  were 
allowed  to  become  rancid  In  a  warm  place,  with  free  exposure  to  air  and  light. 

In  addition  to  the  facts  previously  observed  we  note  from  the 
above  table  that  with  the  advancement  of  rancidity  there  is  an 
increase  in  the  acetyl  number  and  a  decrease  in  the  percentages 
of  insoluble  acids  and  glycerol.  Other  changes  produced  in  the 
i:hemical  and  physical  constants  of  butter-fat  by  rancidity  will  be 
presented  in  the  course  of  the  article. 


EFFECTS  OF  RANCIDITY  UPON  THE  ACIDS  OF  BUTTER-FAT. 

It  is  a  well-known  fact,  and  one  wholly  confirmed  by  the  preceding 
tables,  that  the  oleic  acid  is  the  constituent  of  butter-fat  most  sus- 
ceptible to  chemical  change;  being  an  unsaturated  compound  it  ab- 
sorbs oxygen  with  great  avidity  at  the  points  of  unsaturation,  yield- 
ing either  oxy-compounds  or  decomposing  into  simpler  bodies  of 
lower  molecular  weight.  It  is  impossible  to  express  by  chemical 
equations  either  of  these  changes,  owing  to  the  complexity  of  the  re- 
action and  the  great  variety  of  products  formed. 

i:y  means  of  oxidizing  agents  oleic  acid  has  been  found  to  yield 
not  only  all  the  members  of  the  homologous  series  from  formic  to 
capric  acid,  but  also  certain  dibasic  and  oxy-acids.*  While  the  oxi- 
dation process  itself,  which  takes  place  with  oleic  acid  in  the  de- 
velopment of  rancidity,  is  less  violent  than  that  produced  by  arti- 
ficial means,  we  may  say  that  the  character  of  the  decomposition  pro- 
ducts is  to  a  considerable  extent  the  same. 

A.    Scalaf  detected  in  a  strongly  rancid  olive-oil  formic,  acetic 

•Watts'  Dictionary  of  Chemistry,  Edition  of  18»2,  3.  887, 

tStax.  sperim.  agr.  ital.,  p.  618  (1897).    Abstract  In  Biedermann's  Centrbl.  fttr  Agricultaroheml*, 
March,  18M,  p.  !»«. 
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butyric,  and  oenanthjlic  acids,  also  several  dibasic  acids  of  the  type 
CnH2n-204,  amoDg  others  azelaic  and  sebacic  acids;  besides  these 
another  acid  was  isolated  which,  from  the  analysis  of  its  barium  salt, 
was  identified  as  dioxystearic  acid.  The  same  authority  also  shows 
that  the  saturated  acids  could  take  no  part  in  the  formation  of  these 
decomposition  products,  since  they  offer  a  complete  resistance  to 
oxidation;  small  portions  of  stearic  and  palmitic  acid,  on  long  stand- 
ing, were  found  to  suffer  under  ordinary  conditions  no  change  in 
w(»ight;  oleic  acid,  on  the  other  hand,  after  ten  months'  exposure  to 
the  air  and  light,  increased  in  weight  over  eight  per  cent.  As  an 
additional  confirmation  of  this,  it  was  found  that  the  increase  in 
weight,  which  different  fats  underwent  on  becoming  rancid,  was  in 
direct  proportion  to  their  content  in  oleic  acid. 

The  amount  of  oxygen  which  butter-fats  absorb  on  becoming  ran- 
cid we  have  found  to  vary  somewhat  with  the  conditions.  A  thin 
layer  of  butter-fat,  exposed  in  a  melted  state  to  the  action  of  air 
and  light,  gained  at  the  end  of  two  weeks  1.54  per  cent,  of  the  orig- 
inal weight;  it  then  began  to  lose,  and  at  the  end  of  two  months 
had  lost  1.94  per  cent,  of  the  weight  of  the  sample  when  fresh. 
Chemical  change  proceeds  much  faster  with  fats  if  melted,  so  that 
tlie  preceding  example  can  not  be  taken  as  a  fair  illustration  of  what 
takes  place  under  ordinary  conditions.  The  following  elementary 
analysis  of  two  butter-fats,  one  fresh  and  the  other  rancid,  gives 
some  information  as  regards  the  amount  of  oxygen  absorbed  during 
rancidity. 

TalU  Xir. 


Buttei^fat. 

Condition. 

Carbon. 
Per  cent. 

Hydrogen. 
Per  cent 

Oxygen. 
Per  cent. 

1, 

Fresh. 
Rancid, 

75.17 
73.88 

11.72 
11.57 

18.11 

},• 

2  years  old     

14  65 

These  results  show  that  the  effect  of  rancidity  is  to  cause  a  de- 
crease in  the  percentages  of  carbon  and  hydrogen,  with  a  corre- 
sponding increase  in  the  percentage  of  oxygen.  Similar  results 
were  secured  by  Lenzf  in  the  case  of  fresh  and  rancid  horse-fat. 

inasmuch  as  the  iodine  number  is  dependent  upon  the  amount 
of  oleic  acid,  it  is  obvious  enough  that  this  constant  should  show  a 
decrease  as  the  period  of  rancidity  advances.  We  have  given  in 
Tiibles  XII  and  XIII  the  percentiU^es  of  oleic  acid  corresponding  to 

•This  aample,  which  was  badly  decomposed,   stood  during  the  time  indicated  in  a  cOol  place 
near  a  window,  where  the  light  could  have  its  full  effect. 
tZtschr.  anal.  Chem.,  p.  441  (1889). 
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th<?  various  iodine  numbers.  There  is  some  uncertainty  among  chem- 
ists as  to  the  accuracy  of  calculating  the  per  cent,  of  oleic  acid  from 
the  iodine  tibsorption;*  this  uncertainty  would  be  still  greater  in 
tlje  cage  of  rancid  fats,  where  there  is  the  possibility  that  other  un- 
saturated compounds  besides  oleic  acid  may  for  the  time  exist.f 

The  increase  in  the  saponification  number  as  the  period  of  ran- 
cidity advances,  can  be  explained  only  by  the  breaking  up  of  higher 
acids  into  acids  of  lower  molecular  weight, —  an  explanation  which 
is  confirmed  by  the  decrease  observed  in  the  percentage  of  insoluble 
acids,  and  by  the  increase  which  takes  place  in  the  Reichert  number. 

It  was  thought  that  a  determination  of  the  mean  molecular  weight 
of  th*?  volatile  acids  from  rancid  butter-fats  would  throw  some  light 
upon  the  character  of  the  lower  acids  formed  by  decomposition,  but 
the  results  were  in  some  ways  disappointing.  The  majority  of  the  ex- 
periments showed  but  little  differeice  between  the  molecular  weights 
of  the  volatile  acids  from  the  frsh  and  rancid  samples,  the  general 
tendency  seeming  to  be  towards  a  slight  decrease  in  this  constant, 
as  thi;  butter-fat  became  rancid.  The  mean  molecular  weight  of  the 
volatile  acids  formed  by  decomposition  would  appear  from  this  to 
have  nearly  the  same  value  as  that  of  the  volatile  acids  in  the  fresh 
sample;  this  would  bear  out  the  view  that,  in  the  breaking  up  of  the 
oleic  acid,  several  different  soluble  acids  are  formed,  the  lower 
members  of  the  series  apparently  being  produced  in  the  largest 
quantity. 

The  free  acid,  which  soon  makes  its  appearance  in  all  rancid  fats, 
is  due  not  simply  to  oleic  acid  and  its  decomposition  products,  but 
to  other  acids  as  well.  In  the  development  of  rancidity  there  seems 
to  be  a  gradual  breaking  up  of  all  the  glycerides.  Samples  of  tripal- 
milin  which  we  have  prepared  from  butter-fat,  while  much  more 
stable  than  the  parenc  substance,  show  after  long  standing  the  same 
tendency  to  become  rancid  and  develop  free  acid.  This  is  true  of 
other  glycerides  as  well,  the  acid  part  of  the  molecule  splitting  off 
from  the  glycerol  base  with  the  probable  disruption  of  the  latter. 
In  the  case  of  complex  oleins  (oleobutyrin,  oleopalmitin,  etc.),  the 
changes  which  so  soon  effect  the  oleic  acid  would  no  doubt  hasten 
the  disintegration  of  the  entire  glyceride.  The  first  change  which 
manifests  itself  in  fats  on  becoming  rancid  is  apparently  an  oxida- 
tion of  some  oleic  acid  within  the  molecule,  as  changes  appear  in 
physical  and  chemical  properties  before  any  considerable  develop- 
menx  of  free  acid.  Butter-fat  No.  1  in  Table  XIII  affords  us  a  good 
illustration  of  this:  tiie  upper  oxidized  layer  of  this  sample,  when 
compared  with  the  lower  unchanged  part,  shows  a  decrease  of  over 

*For  dlscuMlon  of  this  point  consult  Wiley's  Agricultural  Analysis,  3,  867.  See  also  p.  239  of 
this  Report. 

tSuch  an  error  would  not  alter  the  main  facts  of  the  case,  however,  as  the  effect  would  be  to 
macmify  rather  than  diminish  the  actual  percentage  of  oleic  acid. 
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four  i^er  cent  in  oleic  acid,  and  an  increase  of  nearly  three  units  in 
the  acetj'l  number,  while  the  acid  number  of  the  rancid  portion  ap- 
pears but  eight-tenths  higher  than  that  of  the  unchanged  fat. 

A  determination  of  the  iodine  absorption  of  the  free  insoluble 
acids  throws  some  light  upon  the  proportion  of  free  oleic  to  other 
acids.  100  grams  of  a  rancid  butt<;r-fat  were  shaken  with  an  equal 
quantity  of  hot  ninety-five  per  cent,  alcohol.  After  cooling  com- 
pletely in  ice-water,  the  alcoholic  solution  was  poured  through  a 
filter  and  exactly  neutralized  with  a  dilute  solution  of  potassium  hy- 
droxide, using  phenol-phthalein.  The  solution  was  then  heated  on 
the  Bieam-bath  until  all  alcohol  was  evaporated,  when  the  residue 
was  treated  with  100  cc.  of  hot  water.  The  soapy  solution,  after 
standing  on  the  bath  for  a  little  while  to  allow  any  fat  which  may 
have  been  removed  by  the  alcohol  to  rise,  was  filtered,  cooled  and 
•thoroughly  extracted  with  ether  to  remove  all  traces  of  unsaponified 
matter.  An  excess  of  dilute  hydrochloric  acid  was  then  added  to 
decompose  the  soaps,  and  the  insoluble  acids  collected  in  the  usual 
way. 

The  iodine  number  of  the  free  insoluble  acids  obtained  from  a  ran- 
cid butter  by  this  process  was  18.47,  corresponding  to  20.50  per 
crnt.  of  oleic  acid.  Thum*  found  in  experiments  with  palm  and 
olive  oils  that  the  free  fatty  acids  in  rancid  oils  contained  oleic  acid 
in  almost  exactly  the  same  proportions  as  in  the  neutral  fat.  Sim- 
ilar results  were  obtained  by  Spaethf  in  the  case  of  rancid  lards. 
Such  experiments  show  that  the  method,  so  commonly  practiced,  of 
calculating  the  total  acidity  of  rancid  fats  to  oleic  acids  alone  is 
by  DO  means  accurate. 

The  amount  of  free  volatile  or  soluble  acids  in  rancid  butter-fats 
is  much  smaller  than  might  be  expected.  A  comparison  of  the  acid 
numbers,  and  the  acid  numbers  for  the  water-soluble  acids  alone,  in- 
dicates that  in  the  early  stages  of  rancidity  at  least,  the  free  soluble 
a(!idK  bear  to  the  total  free  acids  a  relation  smaller  than  that  exist- 
ing between  the  soluble  acids  and  total  acids  of  normal  butter-fat. 
The  following  table  will  make  this  clearer: 

*ZUchr.  aii«rew.  Chem.,  482  (1890). 
tZtacbr.  anal.  Chem.,  471  (18M). 
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Butter-fat.                     Character  of  sample. 

Total  acid 
number 

Water  soluble 
acid  number 

RelaUon 

9 
t 

1 Rancid,  1  month     

7.M 
11.78 
88.58 

1 
0.84                    0.1184 

2 Rancid    2  months, 

1.67                    0.1888 

8, Rancid,   8  months,    

6.99     I                0.1604 

Total  acids  of  butter- fat 

•228.6 

t40.6                         0.177S 

Tlie  determioation  of  the  value  t^  or  ordinary  acid  number,  has 
aires dy  been  describedj  and  need  not  be  mentioned  here.  The  value 
«,  or  water  soluble  acid  number,  represents  the  milligrams  of  potas- 
sium hydroxide  necessary  to  neutralize  the  free  water-soluble  acids 
in  one  gram  of  fat,  and  is  found  by  wa'shing  about  ten  grams  of  the 
rancid  fat  with  successive  portions  of  boiling  distilled  water  until 
all  acid  is  removed,  and  then  titrating  the  filtrate  with  tenth-normal 
alkali. 

It  is  seen  from  the  preceding  table  that  the  value— —-increases 

z 

with  the  period  of  rancidity,  and  approaches  the  relation  existing 
between  the  total  and  soluble  acids  of  normal  butter-fat;  this  rela- 
tion would  no  doubt  be  equaled  or  even  exceeded  by  fats  in  a  very 
advanced  stage  of  rancidity.  The  results  in  Table  XV  confirm  the 
starement  of  Bondzynski  ||  and  Rufl  that  rancidity  in  butter-fat  is 
due  principally  to  the  formation  of  free  insoluble  acids,  and  that  free 
volatile  or  soluble  acids  are  not  found  to  any  extent  except  in  a  very 
advanced  stage  of  decomposition.§  This  would  not  only  indicate 
that  the  glycerides  of  the  soluble  acids  in  butter-fat  are  the  most 
si  able,  but  also  leads  to  the  following  very  pertinent  question.  If 
the  statement  previously  made  in  regard  to  the  breaking  up  of  oleic 
a<*id  into  lower  soluble  acids  be  correct,  why  is  it  that  these  adds 
do  not  appear  to  any  great  extent  in  the  fres  condition?  That  such 
acids  are  apparently  formed  was  shown  in  Table  XII  by  the  increase 
in  the  Reichert  number  which  fats  undergo  on  becoming  rancid, 
and  that  they  are  formed  to  a  considerable  extent,  seems  evident 
from  the  decrease  which  takes  place  in  the  percentage  of  insoluble 
a  -ids.  as  is  seen  from  Table  XIII. 

Tilt  re  are  several  possible  ways  of  explaining  this  non-appearance 
of  thf  soluble  acids  formed  by  decomposition.    There  is  the  possi- 

•The  average  saponlflcatlon  number  of  butter-fat.    Table  I,  p.  208. 

tThe   milligrams   potassium   hydroxide  required   to   saponify  the  soluble   acids  in  <»ie  gram 
average  butter- fat.    Ih\A,  p.  221. 
tCf.  p.  209. 

llZtschr.  anal.  Chem.,  1  (1890). 
ispaeth  found  the  same  true  of  rancid  lard.     IbiA,  479  (189^. 
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bility  that  the  oleic  acid,  when  in  the  glyceride  form,  may  split  up 
into  a  soluble  and  an  insoluble  acid,  the  soluble  acid  remaining  in 
combination  with  the  glycerol  base;  this  hypothesis,  however,  does 
not  seem  a  tenable  one  since  a  large  amount  of  free  oleic  acid  is 
found  in  rancid  fats,  as  was  shown  by  a  preceding  experiment.* 
There  is  also  the  possibility  that  esters  of  the  soluble  acids  may  in 
some  way  be  formed,  but  this  view  seems  no  more  plausible  than  the 
other;  such  esters  have  been  found  in  whole  butter,t  but  we  have 
not  been  able  to  detect  their  presence  in  rancid  fats. 

The  best  explanation  of  this  difficulty  which  we  have  been  able 
to  arrive  at  is  the  following:  The  first  products  formed  by  the  de- 
composition of  oleic  acid  are  not  of  an  acid  but  of  an  aldehyde  na- 
ture: these  aldehyde  bodies  are  further  changed  by  oxidation  into 
soluble  acids,  but  this  takes  place  only  in  a  very  advanced  stage 
of  rancidity,  which  would  explain  the  fact,  already  referred  to,  that 
free  soluble  acids  are  not  formed  to  any  great  extent  except  in  ran- 
cid fats  of  considerable  age.  By  the  action  of  alcoholic  potash,  alde- 
hydes are  decomposed  into  acids,  and  small  quantities  of  dark  resin- 
ous compounds  ;3:  this  would  account  for  the  fact  that  the  soluble 
acids  of  decomposition  do  not  appear  until  after  saponification,  and 
would  also  explain  the  brown  coloration  which  all  rancid  fats  under- 
go when  treated  with  alkalies. 

The  presence  of  aldehydes  in  rancid  fats  is  indicated  on  other 
than  theoretical  grounds.  The  cocoanut-like  odor,  so  peculiar  to 
butter-fat  in  the  early  stages  of  rancidity,  and  the  very  pungent 
smell  developed  later,  are  probably  due  to  aldehyde  products. 
Spaeth||  has  called  attention  to  the  reducing  action  which  all  rancid 
fats  have  on  Becchi's  silver  solution  as  an  evidence  of  these  bodies, 
while  E.  von  Raumer§  has  detected  their  presence  by  the  aid  of 
Schiff's  reagent.  The  latter  test  we  have  found  to  be  one  of  extreme 
delicacy. 

Schiff's  reagent  is  prepared  by  saturating  a  solution  of  rosani- 
line  acetate  with  sulphur  dioxide  gas,  and  allowing  it  to  stand  in 
a  stoppered  bottle  until  completely  decolorized.  In  making  the 
test  about  one  cc.  of  the  melted  fat  is  placed  in  a  test-tube  with  ten 
cc.  cf  hot  water  and  thoroughly  shaken;  one  cc.  of  the  reagent  is 
then  added  and  the  contents  of  the  tube  shaken  up  a  second  time. 
If  aldehydes  are  present  the  fat  and  liquid  underneath  will  be  col- 
ored a  splendid  violet,-r-the  intensity  of  the  coloration  being  pro- 
portional to  the  rancidity  of  the  sample.  Fresh  butter-fat  gives  no 
test  with  Schitf's  reagent,  even  after  many  hours'  standing;    with 

•ThlB  article,  p.  261.    Indications  are  that  most  of  the  changes  which  affect  the  oleic  acid  tak* 
place  after  the  latter  has  been  set  free. 
tAmthor:  Ztschr.  anal.  Chem.,  10  (1899). 
JWatts*  Dictionary  of  Chemistry,  second  edition,  1,  lU. 
I! Ztschr.  anal.  Chem.,  487  (1896). 
JifrW.,    p.  487. 
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fttlB  of  moderate  rancidity  the  coloration  varies  from  pink  to  a  bright 
cherry-red,  while  with  very  old  and  rancid  speciments  the  layer  of 
melted  fat  is  colored  a  very  dark  purple,  the  liquid  underneath  being 
a  d(»ep  violet.  The  fact  that  both  fat  and  liquid  were  colored  would 
show  that  aldehydes  were  present  in  both  soluble  and  insoluble 
forms.  After  sapinofying  a  rancid  fat  and  decomposing  the  soap 
solution  with  an  excess  of  hydrochloric  asid,  the  Schiflf  test  was  ap- 
plied with  negative  results,*  thus  proving  beyond  all  doubt  that  the 
action  of  alkalies  is  to  completely  destroy  all  compounds  of  an  alde- 
hyde nature. 

The  existence  of  the  aldehydes  in  rancid  fats,  and  their  behavior 
with  saponifying  agents,  explains  another  point  which  we  have  not 
^yet  referred  to  in  connection  with  Tables  Xn  and  XIII.  It  will  be 
sop.n  from  these  tables  that  with  the  development  of  rancidity  there 
is  a  noticeable,  but  not  excessive,  increase  in  the  ether  number.  The 
true  ether  number  of  a  rancid  fat,  representing  as  it  does  the  milli- 
grams of  potassium  hydroxide  necessary  to  saponify  the  neutral  fat 
in  one  gram  of  substance,  would  naturally  be  lower  than  that  of  a 
fresh  sample,  since  with  the  breaking  up  of  the  glycerides  the  quan- 
tity of  neutral  fat  becomes  steadily  less.t  The  presence  of  alde- 
hydes, however,  causes  a  vitiation  in  the  true  ether  number;  these 
bodies  are  not  affected  in  the  determination  of  the  acid  number,  but 
^heii  the  alcoholic  potash  is  added  in  excess  for  the  determination 
of  the  saponification  number,  the  aldehydes,  as  has  been  shown,  are 
dei-omposed  into  acids,  to  neutralize  which  an  excess  of  potassium 
hydroxide  is  required  greater  than  that  necessary  to  saponify  the 
neutral  fat  alone.  This  vitiation  of  the  ether  number  is  much  greater 
than  the  tables  indicate,  owing  to  the  fact  just  mentioned  that  the 
true  ether  nnmber  of  a  fat  steadily  decreases  with  the  advancement 
of  rarcidity. 

We  have  already  alluded  to  the  fact  that  oxy-acids  are  found  in 
all  biitter-fats  irrespective  of  age,  and  the  statement  was  made  In  a 
previous  article  that  the  low  acetyl  number,  which  fresh  futter-fat 
shows,  and  the  steady  increase  of  this  constant  with  age,  suggest 
that  these  compounds  are  entirely  after-products,  and  do  not  exist 
in  the  milk-fat  before  secretion.  Experiments  already  mentionedj 
indicate  that  the  oxy-acids  are  derived  entirely  from  oleic  acid,  di- 
oxystearic  acid  being  principally  formed. 

The  following  table,  compiled  from  results  given  in  Tables  XII 
and  XIII,  offers  a  few  interesting  comparisons,  and  gives  some  idea 
of  the  probable  manner  in  which  the  oleic  acid  of  butter-fat  is  de- 
composed. 

*The  Insoluble  adds  were  sllffhtly  tinned,  but  stranffe  to  say  the  coloration  was  not  as  pro- 
nounced as  with  the  adds  from  fresh  butter-fat.  We  attribute  this  reaction  in  the  Insoluble 
addk  to  a  slight  decomposition  of  the  oleic  acid  subsequent  to  the  saponification. 

tThls  supposition  Is  confirmed  by  the  decrcasie  which  takes  place  In  the  percentage  of  glycarol. 

tBy  Bcala.  this  article,  p.  148. 
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No.  1 

FTMh,    

88.28 
81.86 
82.81 
21.M 
88.76 
25.08 
88.79 
9.49 

88.96 
86.06 
86.41 
80.42 
88.46 
81.15 
87.72 
72.08 

8.6 

10.9 

16.1 
8.8 
18.0 

No.  1 

Rancid,     

6.48 

8.90 

7.4 

l.TB 

No.  2, 

Fresh,    

No.  2 

Rancid,    

10.88 

6.99 

U.O 

t.Sl 

No.  8,.... 

Ftesh,    

No.  8 

Rancid,    

18.73 

7.81 

14.2 

8.28 

No.  4 

Fresh 

No.  4,.... 

Rancid     

29.30 

16.69 

1 1 

We  observe  from  the  above  table  that  the  loss  in  insoluble  adds 
accounts  for  but  little  more  than  half  the  loss  in  oleic  acid;  the  ratio 
seems  to  be  a  fairly  constant  one,  and  averages  about  fifty-five  per 
cent.  This  figure,  then,  may  be  taken  to  represent  approximately 
the  amount  of  oleic  acid  in  the  loss  which  is  converted  into  lower 
soluble  acids.t  Calculating  the  increase  in  the  acetyl  numbers  to 
dioxystearic  acid  will  make  up  about  twenty-five  percent,  more  of  this 
loss  in  oleic  acid,  thus  leaving  about  twenty  per  cent,  still  unac- 
counted for;  the  formation  of  insoluble  aldehyde  productsj  during 
the  saponification  may  explain  this  discrepancy. 

Owing  to  the  formation  of  oxy-acids  the  chemical  and  physical 
characteristics  of  the  insoluble  acids  from  butter-fat  suffer  marked 
changes  with  the  development  of  rancidity.  The  following  constants 
were  determined  on  the  insoluble  acids  of  butter-fat  No.  4  in  the  pre- 
ceding table: 


TaUe  XVIL 


Condition  of  Butter-fat. 

Mean  molecular 
welffht  of  In- 
■oluble  acids. 

Meltlnff^polnt 

of  Insoluble 

adds. 

Fresh,   

260.2 

278.7 

40  2«  C 

Hancld .  X  ^  a . 

44.7«a 

'Calculated  as  dioxystearic  add  by  the  formula, 


100  (mi. 


Cf.  p.  286. 


a  (66100  —  420* 

tincludlnff  those  already  existing  and  those  formed  by  the  action  of  alkali  on  the  aldehyde*. 
tThe  presence  of  aldehyde  condensation  products,  resin,   etc.,  which  are  always  formed  by 
-Ucoholic  potash,  would  produce  error  In  the  determination  of  the  Insoluble  adds.    The  Insoluble 
iclds  from  rancid  butter-fats  are  inyariably  colored  by  these  bodies,   the  coloration  varyinff 
rom  a  yellow  to  a  dark  brown  according  to  the  rancidity  of  the  sample. 
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These  difference?  are  such  as  one  would  expect;  the  increase  in 
the  mean  molecular  weight  and  melting-point  of  the  insoluble  acids, 
both  being  the  results  of  the  formation  of  oxy-acids. 


EFFECTS  OF  RANCIDITY  UPON  THE  GLYCEROL  OF  BUTTER-FAT. 

One  of  the  most  disputed  points  in  connection  with  the  rancidity 
of  fats  is  that  copcerning  glycerol.  A  large  number  of  chemists 
hold  that,  as  fats  become  rancid,  glycerol  is  liberated  in  the  free 
state,  and  cite  the  instance  of  palm  oil,  which  seems  to  split  up  al- 
most quantitatively  into  its  fatty  acids  and  glycerol;  in  contradis- 
tinction to  this  many  chemists,  having  tested  rancid  fats  for  free 
glycerol  with  totally  negative  results,  claim  that  no  free  glycerol 
is  formed;  other  chemists,  attempting  to  reconcile  these  conflicting 
views,  take  the  somewhat  intermediary  position,  that  fats  on  becom- 
ing rancid  are  decomposed  into  free  acid,  and  free  glycerol,  but  that 
the  latter  is  almost  immediately  destroyed  by  oxidation. 

A  quantitative  decomposition  of  a  perfectly  pure  and  dry  neutral 
fat  into  its  glycerol  and  acids,  is  manifestly  impossible,  as  such  a 
reaction  would  require  the  presence  of  a  large  amount  of  water. 

Fat       +water=glycerol+fatty-acid. 

To  reason  from  the  analogy  of  palm  oil  is  not  permissible;  this 
oil  is  abnormal  in  many  ways,  containing,  as  it  does,  some  twelve 
per  cent,  of  free  acid,  even  when  fresh,  with  a  considerable  amount  of 
moisture  and  other  impurities.* 

The  percentage  of  glycerol  in  rancid  fats  canot  be  calculated  from 
the  ether  number,  owing  to  the  vitiation  in  this  constant  previously 
referred  to.  The  process  of  separating  the  glycerol  from  other  bod- 
ies, and  determining  its  percentage  by  direct  weighing,  is  never  ac- 
curate and  would  be  still  less  applicable  with  rancid  fats,  where  the 
glycerol  would  be  contaminated  with  various  impurities.  A  state- 
ment made  by  some  chemists  that  fats  undergo  an  increase  in  the 
percentage  of  glycerol  on  bcoming  rancid,  is  undoubtdly  due  to  some 
such  faulty  method  of  analysis  as  the  above. 

The  determinations  of  glycerol  in  rancid  fat  made  by  us  were  all 
performed  according  to  the  method  of  Benedikt  and  Zsigmondy,  as 
previously  described.f  The  results,  which  are  tabulated  in  Table 
XIII,  all  show  a  decrease  in  the  percentage  of  glycerol  as  the  butter- 
fat  became  rancid,  the  decrease  being  proportional  to  the  rancidity 
of  the  sample. 

•According  to  Benedikt  the  percentagre  of  impurities  with  different  grades  of  palm-oil  ranges 
from  0.50  to  17.00  per  cent.    Analyse  der  Fette,  third  edition,  p.  525. 
tC/.,  p.  214. 
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It  is  impossible  to  say  just  how  this  loss  of  glycerol  is  incurred; 
it  no  doubt  takes  place  in  the  separation  of  the  vai'ious  fatty  acids, 
and  there  is  good  reason  to  suppose  that  these  acids,  since  they  do 
not  occur  as  anhydrides,  have  seized  upon  the  glycerol  radical  for  the 
elements  of  water  necessary  to  their  formation.  If  this  theory  be 
correct,  very  little  if  any  glycerol  would  appear  in  the  free  condi- 
tion; we  have  examined  rancid  butter-fats  for  free  glycerol  by  wash- 
ing with  large  quantities  of  boiling  water,  and  testing  the  filtrate 
by  the  Benedikt  and  Zsigmondy  method.  Small  quantities  of  oxalic 
acid  were  formed,  equivalent  to  from  one-tenth  to  two-tenths  per 
cent,  glycerol;  this  may  have  been  derived,  however,  from  the  oxida- 
tion of  water-soluble  aldehydes,  as  well  as  from  glycerol.  We  believe 
a  small  amount  of  acrolein  is  formed  from  glycerol  in  the  develop- 
ment of  rancidity  and  attribute  the  pungent  irritating  odor  which  all 
rancid  fats  give  off — especially  on  being  warmed — to  the  presence  of 
this  compound. 

EFFECTS  OF  RANCIDITY  UPON  THE  PHYSICAL  CONSTANTS  OF  BUT- 
TER-FAT. 

The  alterations  in  chemical  composition,  which  butter-fats  under- 
go with  age,  produce  very  decided  changes  upon  the  physical  con- 
stants. 

It  is  a  well-recognized  fact  that  as  rancidity  is  developed  the 
specific  gravity  of  fats  increase.  The  specific  gravity  ^^  C.  of 
fresh  butter-fat  was  found  to  range  from  0.9050  to  0.9102;  the 
values  of  this  constant  for  rancid  butter-fats,  at  the  same  tempera- 
tures of  comparison,  were  consid(?rably  higher,  and  varied  between 
0.9195  and  0.9252.  This  increase  is  easily  explained  by  the  fact 
that  in  the  development  of  rancidity  the  oleic  acid,  of  low  specific 
gravity,  is  changed  by  oxidation  into  compounds  of  greater  density. 
This  is  in  full  agreement  with  the  statement  of  Bttihl*  that  *T)y  the 
addition  of  oxygen  the  specific  gravity  of  bodies  always  exhibits  a 
marked  increase,  no  matter  what  the  product  of  oxidation  may  be, 
whether  acid,  alcohol,  oxy-acid,  or  other  in  character."  It  is  owing 
to  this  increase  in  specific  gravity  that  the  viscosity  of  fats  becomes 
greater,  as  the  period  of  rancidity  advances. 

In  regard  to  melting-point  rancid  butter-fats -exhibit  the  greatest 
irregularity,  and  we  have  finally  come  to  the  conclusion  that  it  is 
impossible  to  m'^ke  a  satisfactory  determination  of  the  melting-point 
of  butter-fats  in  a  very  advanced  stage  of  decomposition.  In  the 
early  period  of  rancidity  the  melting-point  is  somewhat  higher  than 
that  of  the  fresh  butter-fat;  the  increase,  which  is  probably  due  to 
the  formation  of  cxy-compounds  of  higher  melting-point,  is  not  a 
marked  one,  however,  the  differences  ranging  from  0.1**  to  1.5**  C. 

•Ann.  Chem.  (Lleblg).  211,  128.    See  note  i.  p.  260  of  this  article. 
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A  quite  characteristic  phenomenon,  observed  with  some  rancid  but- 
ter-fats, was  that  of  double  melting-point.  As  an  example  a  rancid 
butter-fat,  by  the  capillary  tube  method,*  melted  at  24.2°  C;  after 
keeping  the  temperature  at  this  point  for  a  few  minutes  the  fat  so- 
lidified again  and,  on  increasing  the  heat,  remelted  at  33.4°  C.f 
Samples  of  excessive  rancidity  do  not  exhibit  this  trait;  such  fats 
will  usually  begin  to  liquefy  at  from  22°  to  24°  C,  but  will  remain 
turbid  from  insoluble  particles,  and  will  not  become  perfectly  clear 
until  the  temperature  reaches  35°  to  40°  C.  This  behavior  is  prob- 
aby  due  to  the  presence  of  two  classes  of  decomposition  products; 
those  of  low  melting-point,  such  as  fatty  aldehydes  and  lower  acids, 
and  those  of  high  melting-point,  such  as  oxy-acids.  In  this  way,  too, 
would  be  explained  the  peculiar  semi-fluid  consistency,  which  very 
rancid  fats  acquire,  fresh  butter-fat,  under  the  same  conditions,  re- 
maining firm  and  solid. 

The  development  of  free  acid,  which  takes  place  in  rancid  fats,  has 
a  very  marked  effect  upon  the  critical  temperature  of  dissolution. 
This  simple  test  devised  by  CrismerJ  is  especially  valuable  in  test- 
ing fats  and  merits  a  brief  description  in  this  connection.  About 
one-half  cc.  of  melted  butter-fat  is  placed  in  a  slender  test-tube  with 
twice  its  volume  of  absolute  alcohol.  The  tube  is  closed  with  a  cork, 
through  ^hich  a  thermometer  is  passed  so  that  its  bulb  is  entirely 
covered  with  the  solution  and  does  not  touch  the  walls  of  the  tube. 
The  tube  and  thermometer  thus  prepared  are  passed  through  a 
tightly  fitting  cork  into  a  larger  tube  partly  filled  with  water;  the 
whole  is  then  gently  heated,  with  constant  shaking,  until  the  mix- 
ture of  alcohol  and  butter-fat  becomes  perfectly  clear.  The  tempera- 
ture at  which  turbidity  appears,  after  allowing  the  apparatus  to 
cool,  is  noted  as  the  critical  temperature. 

Crismer  has  observed  that  with  rancid  butter-fats  the  critical  tem- 
perature is  materially  lowered,  and  that  this  lowering  is  proportional 
to  the  acidity  of  the  fat.  By  neutralizing  such  products  with  weak 
alkali  and  washin^^  the  fat  with  hot  water,  the  normal  critical  tem- 
perature was  found  to  be  restored;  we  have  secured  the  same  re- 
sult by  washing  the  rancid  fat  with  alcohol. 

The  mean  critical  temperature  of  several  fresh  butter-fats,  ex- 
amined by  us  according  to  the  above  method,  was  57°  C.;||  rancid 
butter-fats  gave  results  ranging  from  45°  to  50°  C.  according  to  the 
degree  of  acidity. 

*The  official  method  could  not  be  used  with  any  decree  of  success,  owlnr  to  the  solubility  of 
decomposition  products  In  alcohol. 

tOther  instances  are  known  of  fatty  bodies  showlne  double  meItin«r-polnt.    Palmitin  melts  at 
60.60  c.    Analyse  der  Fette.  third  edition,  p.  44. 

tBull.  Assoc,  beige,  10,  312  (1896.    Abstract  In  Analyst.  222.  262.  71. 

llOf  the  various  rapid  tests  for  adulterated  butters  this  is  one  of  the  most  reliable.    Crismer. 
foimd  for  pure  butter- fat  critical  temperatures  ranging  from  50«  to  67<»  C,  and  for  margarine  and 
mixtures  results  between  64 <>  and  78<>  C. 
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It  is  very  interesting  to  note  the  effect  which  rancidity  has  upon 
the  refractive  power  of  fats.  All  observers*  agree  in  this  that  the 
refractive  index  of  fat  increases  with  the  development  of  rancidity, 
but  differ  as  to  the  explanation  of  the  phenomenon. 

Unfortunately  we  had  no  refractometer  in  the  early  stages  of  our 
work,  and  so  no  comparative  readings  could  be  made  on  the  various 
rancid  butter-fats  used  in  these  experiments.  Recently,  however, 
we  have  been  able  to  make  a  large  number  of  refractometer  read- 
ings on  various  fi*esh  and  rancid  butter-fats,  and  in  all  cases  found 
that  the  rancid  samples  gave  a  higher  refractive  index.  The  read- 
ings were  made  on  a  Pulfrich  instrument,  the  yellow  sodium  ray  {D) 
being  used. 

Tahle  XYIIL 


Range  In  refractive  indices, 
80O  C. 

Mean. 

Preah   butter- fats,    

1.4S872 
1.46982 

1.46922 
1.469M 

1.46897 

Rancid  butter-fats, 

1.45987 

Instead  of  using  the  refractive  index  as  a  means  of  comparison, 
we  have  preferred  to  use  the  specific  refractive  power.  The  co- 
efficient of  refraction  varies  greatly  with  the  specific  gravity,  so  that 
a  determination  simply  of  the  refractive  index  leaves  one  very  much 
in  doubt  as  to  whether  or  not  any  changes  observed  may  not  be 
due  wholly  to  differences  in  density. 

The  specific  refractive  power  is  calculated  from  the  formulaf 

— -jy — ,  in  which  N  equals  the  refractive  index  of  the  substance  and 
D  its  specific  gravity. 

TaUe  XIX. 


Speclflo  30o  C/    \ 
graTlty   16.6©  V-^/ 


Befrooti ye  index 
30o  C  {N). 


DOwer      \  X'  / 


Fresh  butter-fat. 
Rancid  butter-fat, 


0.91200 
0.»2671 


1.45897 
1.46987  I 


0.50292 
0.49C77 


It  is  seen  that  the  specific  gravity  and  refractive  index  of  rancid 
butter-fats  are  higher,  but  that  the  specific  refractive  power  is  lower. 
These  results  are  in  perfect  accordance  with  the  observations  of 


*Ree  articles  by  Spaeth  and  Scala  already  referred  to. 
tLandolt:  Ber.  d.  chem.  Ges.,  16,  1031. 
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Brtihl,*  that  by  the  addition  of  oxygen  the  specific  gravity  of  bodies 
shows  a  marked  increase  and  that  the  same  chang<^  takes  place  but 
to  a  less  degree  with  the  refractive  index^  but  thjat  the  specific  re- 
fractive power  is  always  smaller  in  the  body  richer  in  oxygen.f 

In  view  of  this,  since  the  percentage  of  oxygwi  increases  in  fats 
as  they  become  rancid,  the  changes  which  affect  the  refractive  power 
find  an  adequate  explanation. 

Another  important  effect  of  rancidity  upon  fats  is  the  marked  de- 
crease in  the  calories  of  combustion.  This  is  a  fact  which  requires 
but  little  explanation.  Rancidity  is  in  reality  only  a  slow  process  of 
combustion,  like  other  forms  of  oxidation;  it  is  therefore  plain  that  a 
certain  amount  of  heat  is  given  off  by  fats  in  the  development  of  ran- 
cidity and  that  in  consequence  thereof  the  original  heat-producing 
power  must  suffer  a  decrease.^  The  following  experiments  per- 
formed on  a  fresh  and  rancid  butter-fat  will  illustrate  this.  A  Hem- 
pel-Atwater  bomb  calorimeter||  was  used  in  the  work. 


Tabu  XX, 

• 

Chemical  CJomporttlon. 

I 

C. 
Per  cent. 

H. 
Per  cent. 

o. 

Per  cent. 

CalorieB. 

Fresh  butter-fat     

75.17 
73.88 

11.72 
11.67 

18.11 
14.55 

9166. 

SAndd       bUttftr-f  ftt          *...i.rttt-r'-tttr r Tt T 

9005. 

CONGLUSK 

)N. 

We  have  attempted  to  give  in  the  preceding  pages  a  few  of  the 
main  facts  in  connection  with  the  subject  of  rancidity.  The  point 
was  made  in  the  beginning  of  this  paper  that  the  nature  of  the  chem- 
ical and  physical  changes,  which  take  place  in  the  decomposition  of 
fats,  is  one  largely  dependent  upon  conditions.  The  results  of  the 
present  article  wero  obtained  under  only  one  particular  set  of  condi- 
tions, viz.,  those  most  favorable  to  the  production  of  chemical 
change.    Had  the  conditions  of  warmth,  light  and  exposure  to  the  air 

*Dle  chemlBche  Constitution  organlscher  K5rper  In  Bezlehun?  zu  deren  physlkallschen  Eisen- 
flchaften.    By  J.  W.  Brtlhl.    Ann.  Chem.   (Lleblj?),  211,  121. 

tMore  fully  expressed  In  the  laneruage  of  the  original.  Jhid ,  P-  128.  "Aus  dleser  Tahelle 
erglebt  slch,  dass  durch  die  Addition  von  Sauerstoff  die  Dlchte  der  K5rper  stets  sehr  bedeutend 
sunlmmt,  grlelchgrlltiff,  welche  Art  von  Verblndung,  ob  SHure.  Alkohol,  Oxysaure,  u.  s.  w., 
hierdurch  geblldet  wlrd.  Qlelchzeltlg,  aber  welt  schwacher,  wachst  auch  der  Brechungslndex. 
Da^egen  Ist  die  auf  fflelche  Dlchte  reduclrte  brechende  Kraft,  oder  das  BrechungsvermOgen, 
bel  dem  an  Sauerstoft  relcheren  Kttrper  stets  klelner." 

tBruhl:  Op.  cit.  spurn,  p.  128.  "Die  Verbrennungswarme  der  Kttrper  slnkt  sowohl  durch 
Verelnlgung  derselben  mlt  Sauerstoff,  •  •  •  ,  oder  durch  Ersetzung  von  Wasserstoff 
durch  Sauerstoff." 

llScventh  report  of  the  Storrs  Agricultural  Experiment  Station,  Conn.,  p.  186. 
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been  varied,  a  difference  no  doubt  would  have  been  observed  in  the 
degree  and  character  of  some  of  the  changes  produced.  Further  in- 
vestigations as  to  these  points  are  greatly  to  be  desired. 

As  we  found  it  difficult  to  make  the  distinction  between  normal 
and  abnormal  butter-fats  a  sharp  one,  so  are  we  perplexed  if  yve  try 
to  draw  the  line  between  the  qualities  fresh  and  rancid.  Butter-fat, 
as  fresh  as  it  can  possibly  be  obtained,  gives  distinct  acid  and  acetyl 
numbers,  and  these  changes  were  no  doubt  initiated  before  the  cream 
was  separated  and  churned;  we  may  say,  therefore,  that,  in  a  certain 
chemical  sense,  fresh  butter-fat  itself  is  rancid.  If  chemical  changes 
begin  thus  early,  we  naturally  ask  ourselves,  to  what  limits  can  this 
process  of  decomposition  in  fats  go?  This  is  a  difficult  question  to 
answer  for  we  know  of  no  instances  where  fats  were  kept  a  suffi- 
cient length  of  time  to  enable  any  conclusions  as  to  this  point  being 
formed.  The  ultimate  products  of  oxidation  would  of  course  be 
water  and  carbon  dioxide,  but  under  ordinary  conditions  this  result 
would  hardly  be  reached;  we  are  probably  safe  in  saying  that  chem- 
ical change  will  not  cease  until  all  the  glycerides  are  decomposed 
and  the  oleic  acid  is  completely  changed;  whether  or  not  other 
changes  of  a  different  order,  such  as  the  formation  of  paraffin  bodies, 
may  set  in,  is  wholly  a  matter  of  conjecture. 

Owing  to  lack  of  time  we  were  unable  to  make  a  closer  study  of 
the  various  decomposition  products  formed  in  butter-fat  by  rancidity; 
nothing  whatever  was  done  toward  the  separation  and  identification 
of  the  various  aldehydes,  acids  and  other  bodies  produced  in  rancid 
fats,  and  this  we  feel  to  be  a  serious  omission  to  completeness.  As 
we  stated  at  the  beginning,  these  studies  upon  butter-fat  were  con- 
ducted in  a  very  desultory  manner,  being  pursued  only  as  other  labor- 
atory duties  permitted;  this  we  offer  as  an  excuse  for  the  very  gen- 
eral and  fragmentary  character  of  much  of  our  work.  We  hope  if 
possible  in  the  future  to  make  further  studies  in  this  most  fascinat- 
ing field  of  chemical  research. 

In  conclusion  the  writer  desires  to  acknowledge  the  help  and  en- 
couragement received  from  various  friends.  Our  thanks  are  due 
to  Dr.  W.  Frear  for  advice  and  suggestions  in  the  preparation  of 
these  papers;  to  Dr.  G.  G.  Pond  of  the  Department  of  Chemistry  of 
the  College  for  the  use  of  a  refractometer,  and  to  Dr.  F.  E.  Tuttle 
of  the  same  institution  for  assistance  in  making  combustions;  also 
to  Mr.  C.  W.  Norris  of  this  experiment  station,  who  made  many  of 
the  determinations  of  specific  gravity  and  melting-point  contained  in 
the  tables  of  these  articles,  and  who  also  rendered  valuable  assist- 
ance in  determining  calories  of  combustion.  We  also  wish  to  ex- 
press our  indebtedness  to  Messrs.  A.  N.  Diehl  and  C.  P.  Beistle  of 
this  station  for  their  kindly  aid  at  various  stages  of  the  laboratory 
work. 
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THE    CHEMICAL    ANALYSIS    OF   THE   APPLE 
AND  SOME  OF  ITS  PRODUCTS. 


By  C.  a,  Browne,  Jr. 


In  the  fall  of  1899,  the  writer  was  called  upon  by  the  Pennsylvania 
Department  of  Agriculture,  to  make  a  chemical  study  of  the  apple 
and  its  yarious  products.  The  results  of  this  investigation  have 
been  embodied  in  Bulletin  No.  58  of  the  Department's  publications. 
For  the  complete  tabulation  of  all  the  analyses  made  in  connection 
with  this  work,  together  with  the  discussion  of  the  results,  reference 
is  made  to  the  above  bulletin.  A  brief  summary  of  the  results  is 
presented,*  however,  in  this  connection,  preliminary  to  a  more  com- 
plete description  of  the  methods  of  analysis  employed.  The  latter, 
in  fact,  ie  the  main  purpose  of  th^  present  paper,  inasmuch  as  no 
description  of  methods  was  included  in  the  original  bulletin.  The 
methods  herein  described,  while  designed  especially  for  the  examina- 
tion of  apples  and  apple  products,  have  been  used  successfully  in  a 
few  other  instances,  and  the  writer  believes  that,  with  a  few  modifica- 
tions perhaps,  they  could  be  employed  in  the  analysis  of  any  of  our 
common  fruits. 


Composition  of  Apples* 


Unripe  apples,  9  anal3r8es.  .. 
Summer  apples,  6  analjrses, 
Winter  apples,  21  analyses, 


80.67 
86.00 
83.16 


6.43 
7.10 


2.84 
8.86 
4.16 


I 


8.93 
•1.04 


0.27 
0.28 
0.16 


1.14 
.68' 
.69 


t 


The  above  analyses  represent  simply  the  composition  of  the  edible 
or  fleshy  portion  of  the  apple.  Those  figures,  together  with  other 
determinations  made  upon  the  combined  pulp  and  marc  from  differ- 
ent varieties  of  fruit,  have  furnished  the  following  table. 

*Thls  Is  done  wlUi  the  kind  permission  of  Prof.  John  Hamilton,  Secretary  of  the  Pennsylvania 
Department  of  Agriculture. 
•One  analysis. 
tBlght  analyses. 
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Approximate  Average  Compodtion  of  the  ilesh  of  the  Ripe  Apple. 


Ingredients. 


Percentage. 


Inorganic. 


Water, 
Ash.    .. 


Sugars: 

Reducing  sugars,    

Sucrose 

Starch 

Marc: 

Cellulose 

Pentosans,     

Llgnln,    

Organic  acids: 

Free  acid  as  malic,  

Combined  acid  as  malic, 

Pectin  bodies 

Crude  fat 

Protein,    

Undetermined  (tannin,  etc.). 


Organic. 


M.OO 


8.00 
4.00 
0.00 

.80 
.60 
.40 


.60 
80 

.40 

.80 
10 

.80 


100.00 


The  Chemical  Composition  of  Apple-Ash, 


Ingredients. 


Percentage. 


K,0,   

Na,0 

CaO 

MgO 

FesOa,    

A1,0, 

a.    

SiO,,   

SOa 

PfO.,    

COs 

Total 

Deduct  O  equivalent  to  CI, 

Total,    


66.84 

.81 

4.48 

8.78 

.96 

.80 

.89 

.40 

2.66 

8.64 

21.60 


99.90 
.09 


99.81 


The  above  analysis  was  made  upon  the  combined  ashes  from  many 
different  varieties  of  apples,  the  flesh  of  the  fruit  being  the  only  part 
taken  for  incineration. 
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Composition  of  Apple  Juices. 
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I 

•g 

1 

1 

m 

p; 

s 

w 

-< 

p. 

< 

^ 

Juice    from    summer 

apples. 

8  analyses,    

1.0502 

12.29 

6.76 

8.23 

0.72 

0.29 

•O.IS 

•0.03 

— 26.«7 

Juice     from     winter 

apples. 

4  analyses,    

1.0569 

18.96 

8.57 

8.40 

0.48 

0.27 

W.12 

10.02 

—15.15 

The  composition  of  other  fruit  juices,  from  analyses  made  by  the 
writer,  is  given  for  purpose  of  comparison. 


Kind  of  Juice. 


Strawberry 

Red   raspberry,    

Black   raspberry,    

Black  cherry,   very   sweet, 
Red  cherry,    sour,    


6 

« 

a 

S 

•o 

« 

o 

n 

eS 

% 

4 

s 

u 

CO 

h 

< 

1.0420 

9.64 

6.90 

1.0463 

11.01 

5.13 

1.0667 

13.65 

9.52 

1.1034 

24.30 

16.35 

1.0461 

11.22 

7.33 

0.89 

1.28 

0.61  : 

2.31 

1.44 

0.60  ' 

None  j 

1.85 

0.60 

None 

1.47 

0.30 

None 

1.32 

0.57 

s 

•r 

<y 

Jt 

H 

«* 

1 

h 

C3 

C   P 

a 
3 

6 

9 

^  S 

^> 

X> 

t  6 

04 

< 

Ui 

0.63 

;       0.88 

-6.28 

0.88 

1     0.75 

+7.82 

0.72 

0.S8 

-25.20 

0.80 

0.63 

-23.  SO 

0.25 

0.56 

-12.96 

Closely  related  to  apple-juice  is  what  is  known  as  '"second  press- 
ings," used  so  extensively  at  present  for  jelly  maldng  and  vinegar 
stock.  It  is  made  simply  by  wetting  apple  pomace  with  water  and 
repressing. 

Co7nposition  of  Second  l^essiiigs. 


Specific  gravity 

Solids 

Reducing  sugars 

Sucrose 

Ash 

Undetermined  (pectin,  malic  acid,  etc.), 
Rotation  Ventzke,  400  mm  tube 


1.0376 
9.14  per  cent. 
'6.87  per  cent. 
1.49  per  cent. 
0.20  per  cent. 
0.58  per  cent. 
—31.94 


The  composition  of  completely  fermented  cider  and  vinegar  is 
shown  by  the  following  figures,  compiled  from  analyses  made  upon 
samples  of  known  purity. 


*4  analyses, 
tl  analysis. 


Digitized  by 


Google 


No.  21.  THE  PENNSYLVANIA  STATE  COLLEGE. 

Composition  of  Cider  cmd  Cider  Vi7iegar. 
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• 

1 

> 

S 

n 

1 

1 
1 

i 

1 

at 
u 

s 

o 

3 

•3 

1 
5 

e 

1 
1 

§2 

cider,   6 

analyses 

LOOM 

2.S4 

0.29 

0.32 

0.61 

0.25 

6.61 

0.04 

0.02 

-^.•4 

Vinegar, 

4   analyses,.. 

I.OIM 

J.OO 

0.44 

•0.52 

6.19 

0.14 

None 

0.17 

0.01 

•-2.01 

Composition  of  Miscellaneous  Apple  Products. 


o 

1 

s 

s 

5 

2 

a 

1 

1 

i 

•a 

g 

g 

< 

1 

27.61 

32.80 

19.02 

1.10 

4.08 

.87 

6.68 

Apple  butter,  1  analysis 

52  58 

37  20 

1  14 

97 

2  52 

26 

2  15 

1.14 

Cider  Jelly    1  analysis,    

44.53 

49  50 

2  18 

1  39 

3  61 

1  60 

Apple  pomace,  1  analysis,   

70.76 

8.09 

2.40 

.49 

1.25 

METHODS  OF  ANALYSIS. 


The  methods  employed  in  making  the  determinations  contained 
in  the  preceding  tables  are  in  many  cases  simply  the  ordinary  pro- 
cesses described  in  most  books  on  commercial  or  agricultural  analy- 
sis. The  methodsf  of  the  oflfieial  agricultural  chemists  were  em- 
ployed as  far  as  possible.  Only  such  departures  as  it  was  found 
advisable  to  make  from  the  normal  methods  will  be  described. 

Determination  of  Moisture  and  Solids. — This,  apparently  the  most 
simple  of  all  analytical  processes,  was  found  at  the  outset  of  the  work 
to  offer  the  greatest  diflRculties.    The  methods  ordinarily  prescribed 

•The  writer  desires  at  this  point  to  call  attention  to  a  statement  made  by  Doollttle  and  Hess 
In  a  recent  number  of  the  Journal  of  the  AmeriC4in  Chrmical  SociHy  (Vol.  XXII,  No.  4,  p.  219). 
ir  Is  said  that  "the  solids  of  pure  elder  vinegar  Rave  no  rotation  with  the  polarlscope,  and  little 
or  no  reducini;  action  on  Fehllng  solution  after  the  customary  clarification  with  lead  acetate." 
This  Is  certainly  a  mistake.  Of  the  many  samples  of  pure  elder  vinegars  examined  by  the 
writer  at  the  Penn'a  Expt.  Station  during  the  past  lour  years,  not  one  has  failed  to  give  a  de- 
cided rotation  to  the  left,  when  examined  in  the  400  mm  tube  of  the  polarlscope,  whether  pre- 
viously clarified  with  animal  charcoal  or  sub-acetate  of  lead  or  not. 

An  unpublished  experiment  conducted  by  the  writer  at  this  Expt.  Station,  shows  that  leruloee 
is  the  only  sugar  present  in  properly  fermented  cider  vinegar,  the  sucrose  and  dextrose  ha^'tng 
both  disappeared  In  the  course  of  the  alcoholic  fermentation.  The  acetic  fermentation,  which 
sets  In  before  the  last  traces  of  levulose  have  been  destroyed,  seems  to  prevent  the  complete 
removal  of  the  sugar  by  alcoholic  fermentation,  and  the  percentage  of  leVuIose  continues,  there- 
after,  nearly  constant. 

tBull.  No.  46,  Revised  Edition,  U.  8.  Dept.  of  Agr.,  Div.  of  Chem. 
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recommend  that  the  material  be  dried  at  100°  C,  or  even  higher,  until 
a  constancy  in  weight  is  attained.  In  making  determinations  by  any 
of  these  methods  the  writer  has  found  it  impossible  to  obtain  any 
such  constancy  in  weight ;  the  residue  would  continue  to  lose,  until 
its  percentage  became  finally  much  less  than  the  sum  of  the  per- 
centages of  the  different  solid  coi^tituents.  A  decomposition  of 
some  kind  was  indicated  and  the  unreliability  of  drying  at  a  high 
temperature  clearly  shown. 

The  diflficulty  experienced  is  undoubtedly  due  to  a  breaking  up  of 
the  sugars  of  the  fruit,  principally  levulose.  This  has  been  found 
true  in  the  case  of  other  bodies  containing  levulose,  a»  has  been 
shown  by  Carr*  and  Sanborn  in  their  experiments  upon  "the  dehydra- 
tion of  viscous  organic  liquids."  These  writers,  after  making  "up- 
ward of  5,000  separate  determinations,  ranging  over  all  the  better- 
known  methods  and  covering  such  materials  as  pure  sugar  and  levu- 
lose solutions,  honey,  molasses,  molasses  "flowers,"  sorghum,  beet 
and  maize  juices,  etc.,  etc.,"  "conclude  that  it  is  impossible  to  dehy- 
drate quantitatively  solutions  containing  levulose  without  the  occur- 
rence of  decomposition,  if  the  temperature  be  100  ",  the  environment 
air,  and  the  pressure  equal  to  that  of  the  atmosphere."  The  method 
finally  adopted  by  Carr  and  Sanborn,  to  prevent  the  decomposition 
of  levulose  during  dehydration,  'Consists  in  drying  the  material  on 
pumice  stone  in  fiat-bottomed  dishes,  at  70°  C,  and  a  vacuum  of  25 
inches. 

The  writer  has  been  unable  to  find  any  work  relating  to  the  de- 
hydration of  fruits,  or  the  products  therefrom,  in  vacuo,  but  the 
same  necessity  would  exist  for  such  dehydration  as  with  other  levu- 
lose containing  materials,  the  presence  of  levulose  in  moet  fruits 
being  sufficiently  indicated  by  the  marked  levorotation,  which  the 
clarified  juices  give  to  the  plane  of  polarized  light. 

In  the  various  analyses,  previously  recorded,  the  writer  effected 
dehydration  in  most  cases  by  drying  the  material  at  70°  C,  in  a 
vacuum  as  recommended  by  Carr  and  Sanborn,  using,  however,  per- 
forated brass  or  copper  tubes  filled  with  asbestos  for  absorbing  the 
liquid,  instead  of  pumice-stone  in  dishes  as  in  the  method  of  the 
above  authorities. 

The  perforated  tubes  employed  measured  9  cm.  long  by  2  cm.  in  di- 
ameter. In  the  case  of  liquids,  fruit  juices,  cider,  vinegar,  etc.,  the 
tubes  are  nearly  filled  with  freshly  ignited  asbestos, — the  latter 
being  tightly  packed  with  a  rod  against  the  sides  in  the  upper  half 
of  the  tube,  thus  leaving  a  central  cavity  extending  part  way  into 
the  asbestos.  Each  tube  thus  prepared  is  placed  in  a  glass-stoppered 
weighing  bottle  of  suflScient  size,  and  the  whole  weighed.    About 

•Bull.  47.  U.  S.  Dept.  of  Agr.,  Dlv.  of  Chem.,  p.  184.    See  also  Jour.   Amer.  Chem.  Soe.,  XVII, 
p.  (23)  Proceedings  Wash.  Sec. 
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5  cc.  of  the  liquid  to  be  analyzed  are  then  delivered  from  a  pipette 
into  the  cavity  in  the  asbestos,  the  object  of  the  cavity  being  to  se- 
cure a  rapid  absor^jtion  and  even  distribution  of  the  liquid  through 
the  asbestos.  The  weighing  bottle  is  then  immediately  stoppered 
and  reweighed,  the  increase  in  weight  being  the  amount  of  substance 
taken.  After  removing  the  stopper,  the  bottle,  together  with  the 
inner  tube,  is  conveyed  to  a  vacuum  drying  apparatus,  where  it  is 
dried  in  an  upright  position,  at  a  constant  temperature  of  70**  C. 
During  the  first  few  hours  of  the  drying,  a  slight  current  of  air  is 
drawn  through  the  vacuum  compartment,  in  order  to  remove  the 
large  excess  of  moisture  at  first  given  off.  In  the  last  stages  of  the 
drying  the  air  current  is  decreased  and  the  vacuum  kept  at  about 
25  inches.  Eight  to  ten  hours  are  generally  sufficient  to  secure  com- 
plete dehydration;  at  the  end  of  this  time  the  weighing  bottle  is 
removed  from  the  oven,  placed  in  a  dessicator,  and  when  cold,  re- 
stoppered  and  weighed. 

The  bottles  are  then  replaced  in  the  oven  and  dried  for  a  second 
period  of  a  few  hours  to  ascertain  if  constant  weight  has  been  se- 
cured. The  first  drying,  however,  has  generally  been  found  suffi- 
cient. A  longer  drying  of  several  days  has  been  found  to  produce 
no  change  in  weight,  when  once  dehydration  was  secured,  showing 
that  no  decomposition  of  levulose  is  produced. 

In  determining  moisture  or  solids  in  apples  and  other  fruits  the 
same  method  is  employed,  with  the  exception  that  the  perforated 
tubes  are  filled  only  about  one-fourth  with  asbestos.  The  grated 
pulp  of  the  fruit  to  be  analyzed  is  well  sampled  and  mixed  and  a 
small  portion  of  5  to  10  grams  transferred  through  a  short-necked 
funnel  into  the  tube,  when  the  bottle  is  restoppered  and  weighed. 
The  drying  is  conducted  as  previously  described;  the  slight  amount 
of  liquid,  which  sometimes  oozes  out  into  the  weighing  bottles  does 
no  harm. 

In  drying  fruit  products  of  much  consistency,  such  as  jelly,  it  is 
best  to  dissolve  a  weighed  amount  of  the  material  in  water,  before 
adding  to  the  asbestos,  in  order  to  secure  a  better  absorption.  The 
same  necessity  of  drying  in  vacuo  at  low  temperature  exists  with 
evaporated  fruit  products,  such  as  dried  apples.  In  such  cases  the 
use  of  the  inner  perforated  tube  is  dispensed  with  altogether.  The 
finely  cut  material  is  weighed  out  directly  in  the  weighing  bottle 
and  the  process  conducted  as  already  described. 

It  might  be  supposed  that,  with  fermented  ciders  and  vinegars, 
owing  to  the  disappearance  of  levulose  during  fermentation,  a  deter- 
mination of  the  solids  by  the  vacuum  method  at  70'  C.  and  by  dry- 
ing at  100°  C.  in  the  usual  way  would  show  no  decided  difference. 
Such,  however,  is  not  the  case.  With  completely  fermented  ciders 
and  vinegars  a  constancy  in  weight  is  attained  by  drying  at  100*  C, 

28  •      Digitized  by  Google 


ANNUAL  REPORT  OP  Off.  Doc. 


but  the  percentage  of  solids  i©  invariably  less  than  that  obtained  by 
the  vacuum  method.  The  following  is  an  example  of  this;  the  ex- 
periment was  performed  upon  a  pure  cider  vinegar: 


Solids  by  drying  at  100°  C,  two  days 

Solids  by  drying  at  100°  C,  three  days 

Solids  by  drying  In  vacuo  at  70°  C,  two  days,  . 
Solids  by  drying  In  vacuo  at  TO"  C,  three  days. 


Per  cent 


1.48  1.60 

1.47  '        1.49 

S.29  S.39 

3.28  8.89 


The  percentage  of  reducing  sugar  was  only  0.16  per  cent.,  so  that 
decomposition  of  levulose  doe®  not  explain  the  discrepancy.  It  may 
be  due  partly  to  the  volatilization  of  glycerol,  which  is  formed  during 
the  alcoholic  fermentation.  Indications,  however,  point  to  the  pres- 
ence of  other  substances,  besides  levulose,  in  fruit  products,  which 
are  decomposable  at  100''  C. 

The  CalcvZation  of  Solids  in  Fruit  Juice  from  the  Specific  Gra/oit/y. 

The  application  of  this  principle,  by  means  of  the  Brix  spindle, 
in  the  analysis  of  juices  from  the  beet  and  sugar  cane  is  too  well 
known  to  require  mentioning;  it  has  also  been  applied  by  Kulisch* 
in  the  analysis  of  apple  juices,  the  degrees  Brix  or  Balling,  corre- 
sponding to  the  specific  gravity  of  the  juice  at  17.5°  C,  being  the  per- 
centage, of  solids.  The  writer  has  compared  this  method  of  esti- 
mating solids  with  the  actual  determination,  and  the  agreement  has 
usually  been  very  satisfactory.  Instead  of  using  degrees  Brix,  the 
solids  of  juices  may  be  calculated  from  the  formula,  245  (S — 1). 
S  being  the  specific  gravity  of  the  juice  at  17.5°  C.  Such  methods 
of  estimating  solids  are  of  course  only  applicable  in  the  case  of 
fresh  juices,  before  the  beginning  of  the  alcoholic  fermentation. 
The  following  table  gives  the  percentage  of  solids,  as  estimated  and 
actually  determined  in  a  number  of  different  juices. 

*Landwirtl^scha/tUchf  Jahrbucher,    Vol.  XIX,  1890,  p.  HO. 
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Kind  of  Juice. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
IL 
12. 
13. 
14. 
15. 
16. 
17. 
18. 


Apple  Juloe  ("aeoond  preMlncs"), 

Apple  Juice,    

Apple  Juice,    

Apple  Juice,    

Apple  Juice,    

Apple  Juice 

Apple  Juloe 

Apple  Juice,    

Apple  Juice 

Apple  Juice,    

Apple  Juice,    

Apple  Juice 

Apple  Juice,    

Strawberry  Juice 

Red  raspberry  Juice,    

Black  raspberry  Juice,    

Red  cherry  Juice,   

Blcu:k  cherry  Juice,   


Specific 
rravity 
17°  5  C. 


Averagre  of  all. 


,0876 

0474 

0481 

0484 

,0488 

.0517   I 

0625 

.0&39 

,0569 

0660 

,0668 

0613 

,0722 

,0420 

0463 

,0567 

C461 

,1084 


Degrees 
Brix. 


9.Z9 
11.78 
11.90 
11.97 
12.07 
12.76 
12.94 
IS.  26 
13.78 
18.76 
13.94 
14.99 
17.50 
10.44 
11.47 
13.92 
11.42 
24.42 


13.42 


Solids  by      Actual  solids 
formula  at  70«  C 

245   (S— 1).  in  vacuo. 


Per  cent. 
9.21 
11.61 
11.78 
11.86 
11.96 
12.67 
12.86 
13.21 
13.70 
13.72 
13.92 
16.01 
17.69 
10.29 
11.34 
13.89 
U.29 
86.38 


Per  cent. 

9.U 
11.86 
11.81 
11.87 
11.71 
12.78 
12.77 
13.29 
13.94 
12.83 
13.84 
14.90 
16.82 

9.64 
11.01 
13.65 
11.21 
24.80 


18.41 


13.16 


The  formula,  as  a  rule,  gives  results  slightly  closer  to  the  actual 
percentage  of  solids,  except  iu  case  of  juices  of  very  high  gravity,  as 
No.  18  of  the  preceding  table.  The  difference  between  actual  and 
calculated  results  rarely  exceeds  two  or  three-tenths  of  a  per  cent.; 
there  is  occasionally,  however,  a  notable  discrepancy  as  in  the  case 
of  apple  juices  No.  10  and  13.  Calculating  the  solids  from  the  grav- 
ity of  a  juice  is  sufficiently  accurate  for  many  purposes;  such  an  es- 
timation is  preferable,  in  any  case,  to  the  old  method  of  determining 
solids  by  drying  at  lOC^C. 

AsA, — This  was  determined  according  to  the  official  method,  about 
20  gms.  of  material  were  taken  for  analysis.  In  incinerating  large 
quantities  of  material,  to  obtain  ash  for  the  ash  analysis,  it  is 
necessary  to  exhaust  the  charred  mass  first  with  water.  The  in- 
soluble residue  is  collected  on  a  filter,  burned,  and  this  ash  added 
to  the  residue  left  on  evaporating  the  aqueous  extract.  The  whole 
is  then  heated  to  a  low  redness  till  the  ash  is  white. 

Reducing  /S'?/^ar.— This  was  calculated,  in  the  various  analyses 
given,  simply  as  invert  sugar.  Strictly  speaking  this  is  not  correct 
for  the  dextrose  and  levulose  of  fruit  juices  are  present  in  by  no 
means  equal  proportions, — as  in  apple- juices,  where  the  percentage 
of  levulose  is  nearly  double  that  of  dextrose.  Nevertheless,  when 
these  sugars  are  not  separately  determined,  it  has  seemed  to  the 
writer  more  accurate  to  consider  the  reducing  sugar  as  invert  rather 
than  dextrose  or  levulose  alone.  The  invert  sugar  is  calculated  from 
the  weight  of  reduced  copper  according  to  the  tables  of  Meissl  and 
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Wein;  such  small  amount©  of  suoroi*e  as  are  present  in  fruit  juices, 
do  Dot  affect  the  accuracy  of  the  determination^ 

In  the  determination  of  reducing  sugar  in  fruit  juices  20  cc.  of  the 
filtered  juice  are  measured  out  into  a  500  cc.  fiask,  about  300  cc. 
of  water  are  added,  and  after  neutralizing  carefully  with  NaOH, 
using  phenolpthalein,  the  volume  is  completed  to  the  mark.  25  cc. 
of  this  solution  (1  cc.  of  original  liquid)  are  taken  for  the  copper  re- 
duction. The  reduced  CUjO  is  filtered  in  asbestos  tubes  and,  after 
drying,  reduced  in  a  current  of  hydrogen,  and  the  weight  of  copper 
determined.  In  cast  of  partly  fermented  juices  larger  amounts  of 
liquid  can  be  used  for  dilution.  With  completely  fermented  ciders 
and  vinegars,  which  contain  but  very  little  sugar,  the  liquid  after 
neutralizing  needs  little,  if  any  dilution.  In  calculating  the  per- 
centage of  reducing  sugar,  it  is,  of  course,  necessary  to  take  into  ac- 
count the  specific  gravity  of  the  liquid  analyzed. 

In  determining  reducing  sugar  in  apples  aud  other  whole  fruits, 
the  following  method  was  adopted:  100  grams  of  the  grated  pulp 
are  washed  on  a  muslin  filter  in  a  large  funnel,  with  repeated  quan- 
tities of  cold  water, — the  filter  being  squeezed  after  each  addition 
of  water  to  hasten  the  removal  of  the  sugar.  The  filtrate  is  caught 
in  a  2,000  cc.  flask,  and  the  washing  continued  until  the  liquid  is 
nearly  up  to  the  mark.  After  completing  the  volume,  the  flask  is 
shaken,  and  200  cc.  (10  gms.  of  fruit)  of  the  filtered  solution  trans- 
ferred to  a  250  cc.  fiask;  this  solution  ie  neutralized  with  soda  as 
before  and  the  volume  made  up  to  250  cc.  from  which  25  cc.  (1  gm. 
of  fruit)  are  taken  for  the  copper  reduction. 

The  same  method  is  used  with  evaporated  fruit  products,  as  with 
whole  fruit,  except  that  a  smaller  amount  of  material  is  taken  for 
analysis;  25  grams  of  the  finely  cut  material  are  treated  with  200 
cc.  of  water  for  several  hours  in  a  large  beaker  until  the  substance 
has  swollen  to  a  soft  pulp.  The  material  is  then  brought  upon  the 
muslin  filter,  and  washed  to  2,000  cc.  as  before. 

With  fruit  jellies,  10  gms.  of  the  material  are  dissolved  in  water, 
neutralized,  and  made  to  1,000  cc. 

Sucrose.  — This  was  determined  in  the  majority  of  cases  from  the 
increase  in  the  copper  reducing  power,  after  inversion  with  hydro- 
chloric acid.  In  making  the  analysis  the  method  of  procedure  is 
as  follows: 

The  same  amount  of  solution  (juice,  aqueous  extract  of  fruit,  etc.), 
is  taken  as  in  the  determination  of  the  reducing  sugars:  one-tenth 
its  volume  of  concentrated  hydrochloric  acid  is  added,  and  the  flask 
placed  in  a  water  bath  at  70**  C.  The  contents  of  the  flask,  after 
reaching  a  temperature  of  ^T-W  C,  are  kept  within  this  limit  for 
exactly  five  minutes,  when  the  solution  is  cooled,  neutralized,  and 
made  up  to  the  same  volume  as  in  determining  reducing  sugars. 
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25  cc.  of  this  solution  are  taken  for  the  copper  reduction,  the  calcu- 
lation being  made  to  invert  sugar  as  before.  The  difference  between 
the  percentage  of  invert  sugar  before  and  after  inversion,  multiplied 
by  0.95  will  give  the  percentage  of  sucrose. 

Sucrose  has  also  been  determined  in  fruit  juices  by  means  of  the 
polariscope.  52.096  grams  of  juice  are  made  to  100  cc.  50  cc.  of 
this  solution  are  clarified  with  5  cc.  of  lead  subacetate  and  the  read- 
ing taken  in  the  200  mm.  tube  at  about  20°C.  The  remaining  50  cc. 
are  inverted  with  5  cc.  of  concentrated  hydrochloric  acid,  as  described 
above,  cooled  rapidly  and  diluted  to  100  cc.  The  reading  is  taken  in 
the  200  mm.  tube,  at  the  same  temperature  as  the  first  solution, 
clarifying  if  necessary  with  animal  charcoal.    The  first  or  direct 

reading  increased  by  —  and  divided  by  2==a,  the  invert  reading  =b. 

100     (^ — ^)    =percentage  of  sucrose,  t  being  the  temperature  of 
142.4—  t 

2 
the  solutions  at  time  of  reading. 

Levvlose  cmd  Dextrof<e. — In  many  cases  a  separate  determination 
of  these  sugars  has  been  made.  Several  courses  of  procedure  have 
been  followed  according  to  conditions. 

In  the  presence  of  both  dextrose  and  sucrose,  the  levulose  was  de- 
termined by  the  difference  in  polarization  of  the  solutions  at  widely 
separated  temperatures.*  With  juices,  etc.,  the  pure  liquid  is  first 
clarified  by  means  of  animal  charcoal,  and  the  polariscope  reading 
taken  in  a  200  mm.  tube,  first  at  about  15**  0.  (v),  and  then  at  about 
85**  C.  (v^).  The  tube  used  should  be  provided  with  a  metal  jacket, 
through  which  water  of  the  desired  temperature  is  allowed  to  cir- 
culate.   The  percentage  of  levulose  1  is  calculated  from  the  formula. 


1  = 


G  (t  X— .0323) 

V — v^=  the  algebraic  difference  between  the  two  readings  and  if 
levulose  is  present,  will  always  be  a  minus  quantity,  owing  to  the 
fact  that  the  rotation  of  levulose  solutions  when  heated  is  deflected 
towards  the  right. 

G  =  the  specific  gravity  of  the  liquid, 
t  =  the  difference  in  temperature  between  the  readings. 

The  value  — .0323t  represents  the  deviation  (Ventzke),  for  each 
degree  C.  difference  in  temperature,  produced  by  one  gram  of  levu- 
lose in  100  cc. 

With    fruit    jellies,    etc.,    a    definite    weight    of    the    material 

•See  Wiley  Agric.  Analysis,  Vol.  Ill,  p.  267-278. 

tThls  figure  was  deduced  from  the  general  formula  of  Jungflelsch  and  Grlmbert.  which  gives 
the  specific  rotary  power  of  levulose  for  any  temperature  or  concentration.  The  equation  Is 
s= —[101.88-0  68  t  +  0.108  (c-10)],  In  which  t  Is  the  temperature  of  the  selutlon  and  c  the  [aL' 
grams  of  levulose  In  lOOcc.    See  Landolt.  Das  optische  DrehungsvermOgen.  2  Aufiage,  p.  62^ Ip 
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(20 — 50  gms.)  is  dissolved  in  100  oc.  of  water  and  the  solution,  after 
clarifying,  polarized  at  different  temperatures  as  before.  In  this 
case  the  j»ercentage  of  levulose,  or 


1  = 


100  (v— vQ 
W  (t  X— .0323) 


W  being  the  grams  of  substance  in  100  cc. 

Knowing  the  percentage  of  levulose,  and  the  copper  reducing 
power  of  the  solution,  the  percentage  of  dextrose  admits  of  calcula- 
tion. Volumetric  determinations  by  Soxhlet  upon  solutions  of  in- 
vert sugar  have  shown  that  for  the  same  volume  of  Fehling  solution 
reduced  one  part  of  levulose  corresponds  to  0.924  paits  of  dextrose. 
Gravimetric  determinations  made  by  the  writer  upon  pure  solutions 
of  invert  sogar  show  a  ratio  somewhat  lower  than  this,  as  the  fol- 
lowing table  shows.  The  gravimetric  method  of  Allihn  was  fol- 
lowed. 


L 

2. 

s. 

4. 

6. 

Weight  of 
sucrose  taken. 

Weight  of  Invert 
sugar  therefrom. 

Weight  of 
copper. 

Corresponding 
wt.  of  dextrose 
(Alllhn's  table). 

Ratio  of 

dextrose  to 

invert  sugar. 

Grams. 
0.2300 
0.1533 
0.1150 
0.0575 

Grams. 
0.2421 
0.1614 
0.1211 
0.0606 

Grams. 
.4315 
.2950 
.2230 
.1120 

Grams. 
.2818 
.1588 
.1148 
.0670 

1.047 
1.049 
1.066 
1.061 

It  is  seen  that  the  ratio  of  dextrose  to  invert  «ugar  increases 
slightly  as  the  concentration  of  the  solution  diminishes;  the  varia- 
tion, however,  is  not  sufficient  to  make  any  appreciable  difference 
in  the  calculations.  Taking  the  average  of  the  above  determinations, 
1  part  of  dextrose  would  correspond  to  1.053"  parts  of  invert  sugar 
for  the  same  weight  of  copper  reduced.  Since  invert  sugar  is  made 
up  of  equal  parts  of  dextrose  and  levulose,  1  part  of  dextrose  would 
correspond  to  1.106  parts  of  levulose  for  the  same  amount  of  reduced 
copper,  or  1  part  of  levulose  would  equal  0.90  parts  of  dextrose. 

Knowing  the  percentage  of  levulose  the  percentage  of  dextrose 
(d)  may  be  found  from  the  formula 

d  =  D— .91. 

D  =  percentage  of  reducing  sugar  a®  dextrose,  .Mlihn's  method. 
1  =  percentage  of  levulose  as  found  by  polarization. 

Digitized  by  VziOOQlC 


No.  21.  THE  PENNSYLVANIA  STATE  COLLEGE.  273 

In  the  absence  of  sucrose  the  writer  has  calculated  the  percentages 
of  dextrose  and  levuloae  from  the  rotation  and  copper-reducing 
power.  The  factors  necessary  to  know  are  P,  the  specific  rotary 
power,  and  D,  the  percentage  of  reducing  sugars  as  dextrose. 

To  determine  the  specific  rotary  power  it  is  necessary  to  know  the 
rotation  of  a  known  amount  of  the  sample  in  a  tube  of  definite  length. 
For  this  purpose  in  the  case  of  fruit  juices,  etc.,  it  is  best  to  read  the 
clarified  liquid  directly  in  a  400  mm.  tube;  with  more  concentrated 
products  20  gms.'  of  substance  are  dissolved  in  water  and  made  to 
100  cc.  For  clarification  the  writer  has  used  animal  charcoal  in 
the  majority  of  cases,  though  lead  sub-acetate  answers  equally  well 
and  in  some  cases  it*  found  necessary.  But  very  little  difference  has 
been  noticed  in  the  rotation  by  these  two  methods  of  clarification, 
provided  excess  of  load  solution  is  avoided.  In  clarifying  with  lead 
the  polariscopic  reading  must  of  course  be  corrected  for  the  dilution. 
In  case  of  a  sugar  polariscope  with  a  Ventzke  scale,  the  reading 
must  be  corrected  to  angular  degrees  by  multiplying  by  the  factor 
0.3468.  The  formula  for  calculating  the  specific  rotary  power  in 
the  case  of  liquids  is 

P(20'C)  =  :^. 

V  -^  polariscope  reading,  Ventzke  scale,  in  400  mm.  tube  at  20**  C* 
G  =  the  specific  gravity  of  the  solution. 
4  is  the  length  of  the  tube  in  decimeters. 

If  the  material  is  weighed  out  and  made  up  to  100  cc.  by  dilution 
with  water  the  formula  becomes: 

W  being  the  grams  of  substance  taken. 

The  specific  rotary  power  of  a  solution  being  dependent  upon  the 
percentages  and  specific  rotary  powers  of  its  ingredients,  we  would 
have  for  solutions  containing  dextrose  and  levulose  alone  the  for- 
mula: 

53  d  — 90  1  =  100  P. 

d  and  1  are  the  percentages  of  dextrose  and  levulose,  and  53  and^ 
— 90  are  their  respective  specific  rotary  powers  at  20**  C,  the  concen- 
tration for  each  sugar  not  exceeding  ten  per  cent. 

Substituting  the  formula  d  =  D — .91  in  the  previous  equation, 
we  obtain: 

^   53  D— 100  P 

138 
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As  far  as  the  writer  has  been  able  to  compare  them,  these  two 
methods  of  determining  levulose  have  shown  a  very  close  agreement, 
as  the  following  examples,  in  the  case  of  a  partly  fermented  cider, 
will  illustrate. 

Specific  gravity  of  cider  =  1.0067  =  G. 

Rotation  of  cider  at  15°  C,  200  mm.  tube  Ventzke  scale  =  — 10.1* 
=  V. 

Rotation  of  cider  at  85°  C,  200  mm.  tube  Ventzke  scale  =  — 5.5" 
=  v\ 

The  difference  in  temperature  of  the  two  readings  =  70°  =  t. 
Substituting  these  values  in  the  formula 


G  (t  X— .0323) 


we  find  1  to  equal  2.04  per  cent. 

The  percentage  of  reducing  sugars  as  dextrose  was  2.26  =  D. 

The  rotation  of  the  cider  at  20°  C.,  400  mm.  tube,  Ventzke  scale, 
was— 18.8°  =  V. 
The  specific  rotary  power  of  the  cider,  from  the  formula 

••P(20°c)=:51^\ 

is  therefore  — 1 .  62  =  P. 
Substituting  the  above  values  for  D  and  P  in  the  equation 

_  53  D— 100  P 
^  ""  138         ' 

we  find  1  to  equal  2.04  per  cent.,  the  same  as  before. 

The  percentage  of  dextrose  in  the  cider,  calculated  from  the  for- 
mula d  =  D  — .9  1,  is. 0.42  per  cent, 

StarcA,^-This  substance  has  been  found  in  all  green  pomaceous 
fruits:  it  no  doubt  occurs  in  other  classes  of  fruits  in  the  earLv 
periods  of  their  growth,  though  this  is  a  point  which  has  not  been 
as  yet  fully  investigated.  In  the  ripening  of  fruits  the  starch  is 
gradually  converted  into  sugar,  and  this  process  continues,  even 
after  picking,  until  no  vestige  of  starch  remains.  A  determination 
of  starch  is  of  course  only  necessary,  when  its  presence  is  indicated 
by  the  iodine  reaction. 

The  estimation  of  starch  in  fruits,  depending  as  it  does  upon  its 
conversion  into  dextrose,  offers  especial  diflSculties,  owing  to  the 
large  amount  of  reducing  sugars  present,  and  the  first  step  in  anv 
process  of  analysis  must  consist  in  the  removal  of  all  the  sugars  be- 
fore the  conversion  of  the  starch  is  attempted.    The  process  usually 
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recommended  consists  in  washing  a  weighed  amount  of  the  pulp 
either  directly  upon  a  filter,  or  by  decantation  upon  tb^  Q^me,  until 
all  the  sugars  are  removed.  This  method  of  pi>«cedure  has  been 
found  by  the  writer  to  be  extremely  tedious,  owing  to  the  large 
amount  of  wasbing  required  and  to  the  tendency,  which  the  pectin- 
ous  and  gummy  matters  of  the  fruit  have  of  clogging  the  filter. 

The  following  process  adopted  by  the  writer  avoids  in  great  mea- 
sure this  difficulty  and,  as  it  is  carried  out  directly  in  connection  with 
the  sugar  determinations,  effects  a  considerable  saving  of  time. 

100  grams  of  the  finely  grated  pulp  are  washed  upon  a  mn^lin  filter 
with  repeated  quantities  of  cold  water,  until  filtrate  amounts  to 
2  liters;  the  muslin  is  squeezed  after  each  addition  of  water,  as 
already  described  under  the  determination  of  sugar.  In  this  way 
practically  all  of  the  starch  is  washed  out  of  the  pulp.  The  filtrate, 
after  being  well  mixed,  is  transferred  to  a  tall  beaker  or  cylinder, 
where  it  is  covered  and  allowed  to  stand  in  a  cool  place  over  nigbt. 
The  finely  suspended  particles  of  starch  will  have  completely  set- 
tled by  this  time  to  the  bottom  of  the  vessel  forming  a  compact  mass. 
The  liquid  above  the  starch  is  then  removed  by  means  of  a  siphon 
on  decantations  down  to  within  a  short  distance  of  the  precipitate; 
this  solution  may  be  used  for  the  determination  of  sugars  and  malic 
acid. 

The  precipitate  of  starch  is  transferred  with  small  quantities  of 
cold  water  to  a  hardened  filter  paper  and  washed  to  remove  the  last 
traces  of  sugar;  100  cc.  of  water  are  usually  sufficient  for  this.  The 
starch  thus  prepared  consists  of  a  white  crumbly  mass,  but  is  not 
perfectly  pure,  owing  to  the  presence  of  some  cellular  and  albu- 
menoid  matter.  The  starch  might  be  determined  at  this  stage  with 
sufficient  accuracy  by  direct  invewion  with  hydrochloric  acid  as  in 
the  Sachsse  method,  but  the  writer  has  preferred  to  use  the  more 
exact  process  of  first  hydrolizing  with  diastase. 

A  starch  determination  by  means  of  the  diastase  method  should 
also  be  made  upon  the  residue  left  (»n  the  muslin  filter  after  the  wash- 
ing, in  case  the  latter  should  show  any  reaction  with  iodine.  The 
writer  has  never  found  the  residues  to  yield  more  than  one  or  two- 
tenths  per  cent,  of  starch  upon  the  original  pulp,  so  that  the  deter- 
mination is  rarely  necessary  if  the  washing  has  been  properly  per- 
formed. 

The  official  diastase  method*  was  followed  throughout,  except  as 
regards  the  neutralization  after  the  inversion  with  hydrochloric  acid. 
The  writer  has  always  preferred  a  ten  per  cent,  solution  of  sodium 
hydroxide,  using  phenolphthalein,  instead  of  sodium  carbonate  as 
prescribed  in  the  official  method;  the  troublesome  frothing  incident 
to  the  use  of  the  latter  substance  is  thus  avoided. 

•Bull.  No.  46,  Revised  Edition,  U.  8.  Dept.  of  A^c,  DlY.  of  Chem.  ^^^  t     ^ 
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Marc,  —This  represents  that  part  of  the  fruit,  which  is  insoluble  in 
water.  It  is  best  found  in  connection  with  the  sugar  determination; 
the  residue,  left  upon  the  muslin  flUer  after  the  washing,  is  trans- 
ferred to  a  dish,  and  dried  to  a  constant  weight  at  100"  c.  With  the 
exception  of  a  trace  of  ash  and  albumenoid  matter,  the  marc  of  apples 
wai  found  to  consist  almost  wholly  of  cellulose,  lignin  and  pento- 
sans. 

In  case  the  percentages  of  the  different  marc  constituents  is  de- 
sired, the  pentosans  are  best  determined  by  distilling  a  weighed 
amount  of  the  dry  marc  with  successive  quantities  of  12  per  cen/ 
hydrochloric  acid,  and  precipitating  the  furfurol  in  the  distillate  i/y 
means  of  phloroglucin.*  The  cellulose  is  separated  from  the  other 
marc  constituents  by  the  chlorination  process  of  Croee  and  Bevan.J 
The  lignin  bodies  are  estimated  by  the  difference  between  the  cellu- 
lose and  pentosans  and  total  maj*c,  after  correcting  for  the  slight 
quantities  of  ash  and  albuminoid  matter. 

Malic  and  Acetic  Acids,  — No  attempt  was  made  by  the  writer  to 
separate  the  various  fruit  acids  in  the  analyses  previously  tabulated 
The  free  acid  was  determined  in  every  case  by  titration  with  deci 
normal  soda,  and  calculated  to  malic  acid.  Besides  the  free  organic 
acid,  a  considerable  amount  of  the  fruit  acids  exists  in  a  combined 
form;  the  amount  of  this  can  be  estimated  from  the  alkalinity  of 
the  ash.  In  case  of  ciders  and  vinegars,  where  acetic  acid  is 
present,  the  latter  is  first  removed  by  steam  distillation  and  deter- 
mined by  titration  with  decinormal  soda  solution;  the  distillation 
should  be  continued  until  50  cc.  of  the  distillate  shows  a  neutral 
reaction.  The  solution  left  in  the  flask  after  the  steam  distillation 
is  then  titrated  and  calculated  to  malic  acid  as  before. 

Pectin. — This  was  determined  by  evaporating  a  definite  amount 
of  the  fruit  extract,  juice,  etc.,  to  a  small  volume  and  precipitating 
with  a  large  excess  of  95  per  cent,  alcohol.  After  standing  over 
night  the  precipitate  was  collected  in  a  Gooch  crucible,  and  washed 
with  alcohol  to  remove  all  sugar.  The  precipitate  was  then  dried 
at  100'  C.  to  constant  weight,  and  after  incineration  the  weight  of 
ash  deducted  and  the  loss  estimated  as  pectin. 

Other  ingredients  given  in  the  preceding  tables,  such  as  fat,  pro- 
tein, etc.,  were  determined  according  to  the  oflScial  methods  of  the 
agricultural  chemists,  and  require  no  special  description. 

*For  a  full  description  of  the  phloroglucin  method  for  pentosans  see  Bull.   No.  46.   Revised 
Edit..  U.  S.  Dept.  of  Agr.,  Dlv.  of  Chem.,  p.  25. 
tCross  &  Sevan,  Cellulose,  p.  96. 
tSee  article  by  Sherman,  Jour.    Amer.    Chfm.   Soc.,  XIX,  p.  80S. 
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VARIETY  TESTS  OF  WHEAT. 


Bt  Geokgb  C.  Watson  and  Enos  H.  Hbss. 


SUMMARY. 

1.  The  yield  of  grain  from  the  different  varieties  of  wheat  varied 
greatly,  which  may  be  accounted  for  in  part  through  the  difference 
of  injury  by  the  Hessian  fly. 

2.  In  general,  the  smooth  chaff  varieties  were  injured  more  by  the 
fly  than  the  bearded  chaff  varieties. 

3.  The  yield  of  grain  and  straw  and  weight  per  bushel  were  heaviest 
for  the  bearded  varieties. 

4.  The  late  sown  wheat  was  lesci  injured  by  the  Hessian  fly  than 
the  early  sown. 

DETAILS  OF  THE  TEST. 

The  primary  object  of  these  trials  has  been  to  determine,  if  pos- 
sible, whether  some  of  the  many  varieties  of  grain  grown  by  farmers 
throughout  the  State  are  superior  to  other  varieties  in  productive- 
ness. It  is  well  known  that  certain  varieties  in  the  hands  of  skill- 
ful men  have  given  unusually  large  returns,  but  just  how  much  of 
this  increased  yield  is  due  to  the  ^ui>erior  variety  in  question,  and 
how  much  to  superior  culture,  fertilization,  etc.,  is  a  matter  of 
conjecture. 

In  these  trials,  the  aim  has  been  to  give  the  different  varieties 
uniform  conditions  of  culture,  amount  of  seed  per  acre,  fertilizei-s, 
etc.  This  method  should  give  fairly  accurate  data  for  comparing 
the  productiveness  of  the  various  varieties  under  consideration. 
In  addition  to  this,  an  effort  has  been  made  to  test  new  varieties 
as  they  are  introduc<»d  by  seedsmen,  oftentimes  with  flaring  an- 
nouncements that  are  more  or  less  deceptive.  While  the  facilities  of 
the  Station  have  made  it  impossible  to  test  all  the  new  varieties  that 
are  introduced  from  year  to  year,  some  of  the  more  prominent 
and  promising  ones  have  been  placed  in  the  list  and  given  the  same 
treatment  that  the  older  and  tried  varieties  have  received.  A  some- 
what similar  report  has  been  made  for  previous  years  in  the  annual 
reports  and  bulletins  of  the  Station  to  which  reference  may^be  had. 
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PliOTS. 

The  plots  devoted  to  tbis  work  were  .0338  of  an  acre  in  size,  13-1 
feet  long  and  11  feet  wide,  located  side  by  side  on  adjoining  sloping 
land,  inclined  toward  the  southeast. 

While  these  varieties  were  grown  in  plots,  the  objections  which 
are  oftentimes  made  to  plot  culture  could  hardly  apply  in  this  case, 
since  the  culture  given  to  them  was  such  as  would  be  given  to  a 
field  in  a  regular  four  years'  rotation. 

CONDITION  OP  SOIL. 

The  soil  upon  which  these  experiments  have  been  conducted  is 
a  limestone  clay  loam  of  about  eight  inches  in  depth,  through  which 
more  or  less  fragments  of  flint  are  scattered.  It  has  good  natural 
underdrainage  and  contains  a  fair  supply  of  organic  matter.  The 
soil  is  fairly  uniform  in  fertility  and  depth,  but  the  depth  of  the 
sub-soil  varies  greatly.  In  fertility,  the  soil  is  without  doubt  some- 
what above  that  of  the  average  of  the  State. 

The  rotation  followed  is  wheat,  clover,  potatoes  and  oats.  The 
preparation  of  the  soil,  manuring,  seeding,  culture  and  harvesting 
have  been  as  nearly  similar  for  all  the  plots  of  the  different  crops 
as  possible. 

For  the  crop  of  1900  the  land  was  plowed  August  7th,  1899,  about 
seven  inches  deep,  and  cultivated  at  intervals  until  time  of  sowing. 
About  thirty-six  pounds  of  phosphoric  acid,  in  the  form  of  dissolved 
South  Carolina  rock,  were  applied  per  acre  at  the  time  of  seeding, 
and  seven  tons  of  bam  manure  as  a  top  dressing  before  cultivation. 
All  the  varieties  were  sown  at  the  rate  of  six  pecks  per  acre,  on  Sep- 
tember 1st,  at  which  time  the  land  was  in  good  tilth.  The  yields  re- 
ported below  are  from  careful  wei;?hings  of  the  product  of  the  differ- 
ent plots  at  the  time  of  threshing. 
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Table  Z—  Yield  of  Wheat--  Varieties  Tested  in  1900. 


27d 


Name  of  Variety. 


Reliable 

Dawson' B  Golden   Chaff, 
Dletz   Lonfirberry   Red,    . 

PulcaBter,    

E^arly  Oenesee  Oiant,    .. 

Butler  Co.  Wheat,    

Harvest  Kingr,    

Harvest   Queen,    

Miller's    Prtde.    

Cap   Sheap 

Ontario  Wonder 

Forty-Fold  or  Gold  Coin, 

Fultx,    

Royal  Red  Clawson,    .... 

Rochester  Red 

Bearded  Winter  I^fe.    .. 

Diamond    Grit 

Century 

Diamond  White 

Early    Arcadian 

Turkish    Red.     

Beech  wood    Hybrid,    . . . . 
Fultzo-Mediterranean,    . . 


22.28 
17.64 
16.92 
16.91 
16.44 
16.12 
15.88 
15.27 
14.81 
14.23 
1S.78 
18.68 
13.47 
13.04 
12.70 
10.92 
10.60 
10.47 
10.28 
10.16 
9.16 
7.60 
5.94 


Average  of  23  varieties 18.40 

Average  of  ll  bearded  varieties |    14.42 

Averaire  of  12  smooth  varieties.   12.47 


I 


2.606 
1.439 
2.206 
2.355 
1,437 
1.323 
1.574 
1.035 
1.683 
1.334 
1,789 
1.292 
1,364 
1.139 
1.218 
1.207 
1.218 

983 
1.127 
1,017 

781 
1.897 

915 


u 


n 
I- 


64.06 

59.69 

61.81 

61.22 

61.16 

60.20 

62.41 

69.87 

62.14 

60.12 

62.45 

67.38 

59.74 

61.61 

69.68 

69.52 

61.90  I 

66.78 

58.62  j 

69.20  i 
60.66 
68.88  i 

69.21  , 


1 

i 

o 

% 

t 

o 

§ 

o 

& 

k 

2 

o 

4i 

•Q 

8| 

** 

|2 

a 

< 

r 

If 


8* 


69 

10 

B 

61 

10 

S 

59 

11 

B 

65 

15 

B 

58 

20 

B 

63 

20 

B 

60 

8 

8 

68 

23' 

8 

60 

9 

B 

58 

13 

B 

53 

18 

8 

65 

16 

S 

58 

20 

8 

63 

10 

8 

60 

16 

8 

46 

23 

B 

10  , 

131 

16l 

14 

25 

18 

18 


B 
8 
B 
S 
B 
8 
8 


1.406 
1.561 
1,264 


60.67 
61.08 
60.15 


15 
15 


R 
A 
R 
R 
A 
R 
R 
A 
A 
A 
A 
W 
R 
R 
A 
A 
R 
A 
W 
W 
R 
R 
R 


The  varieties  all  came  up  well  and  were  looking  thrifty  until  the 
latter  part  of  September  when  the  injury  due  to  the  Hessian  fly 
became  apparent.  Ten  to  twenty  per  cent,  of  the  plants  were  af- 
fected. In  some  instances  six  or  seven  larvae  were  found  on  one 
plant.  The  varieties  all  looked  fairly  well  at  the  close  of  winter 
except  that  the  outer  leaves  were  considerably  frozen.  During 
April,  the  varieties  did  not  improve  in  appearance  but  apparently 
became  thinner,  which  was  undoubtedly  caused  by  the  fly.  The 
stand  was  scored  on  April  27,  on  the  basis  of  100  for  perfection. 
As  seen  by  the  above  table,  the  average  was  only  55  per  cent.  By 
June  1,  the  heads  were  nearly  all  out  and  some  were  beginning  to 
bloom.  As  the  season  continued  the  stalks  began  to  fall  down.  At 
the  time  the  wheat  was  maturing  10  to  25  per  cent,  had  fallen.  The 
stalks  that  were  not  broken  down  had  fairly  well  filled  heads.  The 
varieties  were  all  cut  July  6-7  and  threshed  July  13-14. 

As  will  be  noticed  in  the  above  table,  the  average  yield  was  very 
low  (13.40  bus.),  the  poorest  crop  produced  on  the  Station  farm 
since  the  establishment  of  the  Experiment  Station  in  1887.    Although 
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the  crop  is  quite  unsatisfactory  as  a  whole,  there  w  considerable  dif- 
ference between  the  different  varieties,  the  best  variety,  **Reliable," 
yielding  nearly  four  times  a»  much  aa  the  poorest,  **Fultzo-Mediterra- 
nean."  The  "Reliable"  has  been  in  the  lead  for  the  last  six  years 
and  judging  from  reports  received  from  farmers  in  other  parts  of 
the  State,  that  have  bien  sowing  this  variety,  it  is  very  well  adapted 
to  limestone  clay  soils.  The  second  best,  "Dawson's  Golden  Chaff,'' 
is  also  a  promising  variety  and  is  largely  grown  in  Canada.  The 
grain  is  light  amber  in  color,  w^hich  makes  it  somewhat  objection- 
able to  millers,  but  in  hardness  it  is  at  least  medium.  By  comparing 
the  bearded  with  the  smooth  chaff  varieties  it  is  seen  that  the  former 
gave  a  greater  yield  of  grain  per  acre  by  1.95  bushels;  a  greater 
yield  of  straw  per  acre  by  297  pounds  and  the  bearded  exceeded  the 
beardless  in  weight  per  bushel  by  .88  of  a  pound. 

The  somewhat  general  belief  that  smooth  chaff  varieties  are  at- 
tacked more  by  fly  than  bearded  chaff  varieties  seems  warranted 
by  the  above  results.  It  should  be  observed,  however,  that  the 
second  best  is  a  smooth  chaff  variety.  This  may  show  that  the 
individuality  of  the  variety  is  of  considerable  importance. 

A  far  safer  measure  of  the  value  of  the  different  varieties  is  found 
in  the  following  table,  which  gives  the  average  results  for  a  series 
of  years. 
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Table  IL — Average  Yield  of  Wheat  Varieties  for  all  the  Yea/rs  leated. 


Name  of  Variety. 
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1890-1900.    Average  U  Years. 

Reliable 

Pulcaster 

Ontario    Wonder 

Dletz  Liongberry   Red,    

Pultz 


189^-1900.    Average  5  Years. 
I  Reliable 

1  I  Forty-Fold  or  Gold  Coin 

2  Rochester  Red,    


80.97 

S,775 

80.42 

4,016 

29.43 

8.150 

28.68 

8,628 

27.06 

8,152 

27.82 

8,160 

28.27 

2,608 

28.22 

2.621 

62.81 
62.81 
62.00 
62.67 
62.27 


B 
B 
S 
B 

S 


63.13 
60.89 


R 
R 
A 
R 
R 


W 
A 


1897-1900.    Average  4  years. 

Reliable 

Dawson's  Oolden  Chaff,   


28.79 
29.60 


1898-1900. 

Reliable 

Royal  Red  Clawson,   .. 

Miller's  Pride,    

Century 

Diamond   Grit 

Diamond  White , 

Early   Genesee   Giant, 

Butler  Co.  Wheat,    

Cap   Sheaf 

Bearded  Winter  Fife, 
Early   Arcadian,    


Average  3  Years. 


26.85 
26.00 
22.84 
22.04 
20.90 
20.78 
20.60 
20.26 
19.83 
19.46 
19.40 


1899-1900. 

Reliable 

Harvest   Queen,    

Harvest   King,    

Turkish  Red 

Fultzo- Mediterranean, 


Average  2  Years. 


23.72 
18.44 
18.30 
12.27 
11.80 


8,735  , 
2.826  I 


62.78 
69.86 


I 


3.362 
2,897 
8.381 
2,999 
2,987 
3.058 
2,749 
1.888 
1.793 
2.728 
2.747 


2.771 
1,587 
1,939 
1,186 
1.480 


62.78 
61.59 
61.92 
58.70 
62.16 
60.11 
61.24 
60.59 
60.24 
60.55 
58.49 


S 
B 
3 
B 
B 
B 
B 
B 
B 
S 


63.32 
60.28 
63.02 
62.40 
60.42 


S 
B 
B 
S 


R 
R 
A 
R 
W 
A 
R 
A 
A 
W 


A 

R 
R 
R 


In  the  above  table  the  yield  for  the  Reliable  variety  is  given  in 
each  group  of  varieties  to  cover  the  same  years  in  order  to  afford  a 
better  means  of  comparison.  Of  the  varieties  tested  eleven  years 
the  Reliable  is  the  best  although  there  is  very  little  difference  be- 
tween it  and  the  Fulcasler.  For  a  period  of  five  years  Forty-fold 
produced  .45  of  a  bushel  more  than  the  Reliable  but  552  pounds  less 
straw.  The  Forty -fold  is  rather  soft  in  the  grain  and  is  objected 
to  by  many  millers. 

Dawson's  Golden  Chaff  produced  .81  of  a  bushel  more  grain  than 
the  Reliable  as  an  average  for  four  years,  but  909  pounds  less 
straw;  the  weight  per  bushel  was  also  2.92  pounds  less.  Of  the 
varieties  tested  three  years  none  produced  as  much  grain  as  the 
Reliable  but  the  Royal  Red  Clawson  promises  well.    The  grain  has 


Digitized  by 


Google 


ANNUAL  REPORT  OF 


Off.  Doc. 


a  smooth  surface  and  is  a  little  lighter  than  the  Fultz  in  color. 
Those  desiring  a  substitute  for  the  Fultz  could  probably  find  it  in 
this  variety.  The  FuUzo  Mediterranean,  a  hybrid  of  two  standard 
varieties  does  not  appear  to  be  adapted  to  our  soil.  It  was  badly 
winter  killed  and  suffered  more  from  the  fly  than  most  of  the  other 
varieties. 

EARLY  AND  LATE  SOWING. 

During  the  last  decade  considerable  injury  has  been  done  by  the 
Hessian  fly  and  much  has  been  written  concerning  the  time  of  sowing 
as  affecting  the  ravages  of  this  pest.  In  order  to  te&t  the  matter, 
plots  were  sown  at  different  dates  the  past  two  yeains  as  follows: 

1899. 

The  Reliable,  a  bearded  variety,  was  sown  at  the  rate  of  six  pecks 
per  acre  on  September  2  and  23, 181^8.  The  winter  set  in  earlier  than 
usual,  so  that  the  late  sown  plots  did  not  have  £(n  opportunity  to 
tiller  in  the  fall.  There  was  considerable  difference  in  the  growth 
throughout  the  entire  season.  The  plot  sow^n  September  2  matured 
July  3  and  the  one  sown  September  23  matured  July  10.  Both  va- 
rieties were  hauled  to  the  bam,  weighed  and  threshed  Jul}'  12.  The 
yield  was  as  follows: 


Plota  sown  September  2,   .. 
Plots  sown  September  23. 


Grain 

Straw 

Weight 

Per  cent. 

per  acre. 

per  acre., 

per 

perfect 

bus.  60  lbs. 

lbs. 

bushel. 

stand. 

27.48 

8.6«4 

64.88 

86 

23.71 

2.454 

62.07 

78 

Amount 
broken 
down 


The  test  this  year  would  show  decidedly  in  favor  of  the  earlier 
sowing.  On  account  of  the  early  winter,  beginning  the  last  of  No- 
vember, the  sowing  was  later  in  the  growing  season  than  the  date 
would  make  it  appear. 

1900. 

The  Reliable,  a  bearded  variety,  and  Fultz,  a  smooth  variety, 
were  sown  at  the  rate  of  six  pecks  per  acre  on  August  31  and  Sep- 
tember 22.  The  land  was  prepared  similar  to  that  used  for  the  va- 
riety tests.  On  October  2,  the  fly  was  quite  abundant  in  the  early 
sown  plots,  the  late  sown  ones  were  just  coming  through  the  ground. 
On  November  22d.  many  of  the  plants  on  the  early  sown  plots  were 
turning  yellow  and  a  few  were  dead.    The  insect  was  mostly  in  the 
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pupa  stage,  there  being  as  many  as  eight  oa  one  plant.  The  late 
sown  plots  were  also  badly  affected  bat  the  plants  had  not  turned 
yellow.    The  insect  was  largely  in  the  larva  stage. 

Both  the  early  and  late  plots  were  injured  considerably  by  winter 
killing,  the  outer  leaves  being  mostly  killed  by  freezing.  By  June  9, 
most  of  the  Hessian  flies  had  hatched,  the  first  ones  were  out  about 
the  middle  of  May. 

The  plots  all  matured  about  the  same  time.  They  were  cut  July 
2  and  hauled  to  the  barn  and  threshed  July  13. 

The  yield  was  as  follows: 


Grain 
per  acre, 
.bua.<M>Ib8. 

I 


Straw 

per  acre., 

Ibe. 


WelfiTht 


buBhel. 


Per  cent.     Amount  - 
perfect    i    broken 
stand.         down 


ReUable  sown  Auff.  81.   15.60  1.225  64.16 

Fults  sown  Auff.  81 1  12.31  I         1.089  .         62.77 

Reliable  sown  Sept.  22 21.25  1.666  62.55 

Pnlta  sown  Sept.  22 19.01  1.666  6S.67 


58 
68 

61 
61 


U 
18 
IS 
16 


The  above  shows,  in  the  first  place,  considerable  difference  in 
favor  of  the  late  sown  and  second  in  favor  of  the  bearded  variety. 
It  must  be  remembered,  however,  that  the  Reliable  variety  has 
proven  considerably  more  productive  than  the  Fultz  in  the  variety 
tests  so  that  part  of  the  difference  is  due  to  the  individuality  of  the 
variety. 

In  comparing  this  with  last  year's  results,  it  plainly  shows  that  the 
season  governs  largely  the  proper  time  to  sow,  and  that  no  best  date 
for  sowing  can  be  given.  A  field  of  wheat  on  the  College  farm  sown 
the  last  of  October  was  decidedly  the  best  in  this  locality,  and  was 
very  little  affected  by  the  fly.  Ordinarily  it  would  be  entirely  too 
late  for  this  locality,  but  the  weather  remained  quite  warm  until  the 
last  of  December  and  thus  allowed  the  wheat  to  make  a  fair  growth 
in  the  fall. 
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MISCELLANEOUS  FORAGE  CROPS. 


By  G.  C.  Watson  and  E.  H.  Hess. 


CRIMSON  CLOVER.— (Trt/oMum  incamaium). 

A  number  of  tests  of  crimson  clover  have  been  made  at  this  Sta- 
tion during  the  past  six  years.    The  main  points  studied  were: 

1.  The  propef  time  to  sow.  ' 

2.  Its  value  as  a  fodder  plant. 

3.  Its  value  as  a  fertilizing  plant. 

In  1894,  four  plots  of  nearly  one-twentieth  acre  each  were  sown 
to  crimson  clover — one  each  on  May  9,  July  7. 15  and  31.  The  stand 
on  the  plot  sown  May  9  was  about  50  per  cent,  perfect;  July  7,  75  per 
cent.;  July  15,  90  per  cent.,  and  July  31,  70  per  cent. 

The  plants  on  all  the  plots  were  little  injured  by  freezing  during 
the  winter,  but  about  one-fourth  of  the  plants  were  killed  by  frosts 
occurring  in  the  latter  part  of  March  and  the  earlier  part  of  April. 
The  plot  sown  July  31  did  not  suffer  as  much  from  the  frosts  as  the 
others.  Very  little  growth  was  made  in  the  spring  until  the  last 
week  of  April,  after  which  the  plants  grew  rapidly,  the  heads  ap- 
pearing about  the  middle  of  May.  The  plots  sown  May  9  and  July 
7  were  cut  May  28,  at  which  time  all  the  heads  were  out  and  the 
plants  in  full  bloom.  The  stalks  were  20  to  24  inches  high.  The  re- 
maining two  plots,  which  were  in  about  the  same  stage  of  ripeness, 
were  cut  on  May  29,  but  the  plants  were  on  an  average  about  two 
inches  higher  than  the  others.  It  was  all  fed  to  the  cows  in  the  green 
state  and  was  eaten  readily  by  all  of  them. 

The  yield  of  the  four  plots  in  pounds  per  acre  is  given  in  the  fol- 
lowing table: 


Date  of  Sowing. 


Fresh 
substance. 


Air-dry 
matter. 


Sown  May  9,   .. 
Sown  July  7,   . 
Sown  July  15, 
Sown  July  31, 

Avera«:e, 


9,S60 
16.800  j 
23.654  I 
14.146 


14.990 


2.154 
8.56S 
5,121 
3.06S 


8.476 
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The  composition  of  the  above  sample  when  combined  was: 


Water. 

Ash. 

Protein. 

Fiber. 

Nitro- 
gen free 
extract. 

Fat. 

Air-dry  matter     

7.88 

7.89 

14.00 

22.28 

46.21 

1.79 

In  1895,  crimson  clover  was  sown  in  the  corn  field  on  July  24, 
August  2,  iO  and  22,  when  the  corn  was  showing  ears  and  tassels, 
ears  and  tassels  well  out,  past  bloom  and  corn  in  milk  stage  respec- 
tively. No  cultivation  was  given  the  corn  immediately  before  or 
after  any  of  the  sowings,  the  last  cultivation  being  on  July  5.  By 
the  time  the  first  plot  was  sown  the  ground  was  quite  solid  and 
crusted  over,  due  to  heavy  rains.  The  plots  sown  August  10  and 
22  were  almost  an  entire  failure.  A  considerable  number  of  plants 
came  up  on  the  plots  sown  July  24  and  August  2,  especially  in 
places  where  the  ground  was  loose  and  moist.  A  large  number  of 
the  plants  that  started  were  killed  by  the  hot  dry  weather  during 
August. 

On  December  19,  the  plants  were  green  and  vigorous  and  had  made 
a  fair  growth.  By  April  14  about  75  per  cent,  of  the  plants  were 
killed  by  freezing.  On  account  of  the  poor  stand  the  ground  was 
plowed  for  oats  and  therefore  no  record  of  yield  was  obtained. 

In  an  adjoining  field  one-tenth  acre  of  com  was  planted  in  July 
after  wheat  had  been  harvested.  The  last  cultivation  was  given  the 
corn  August  21  and  crimson  clover  sown  broadcast  on  August  22.  The 
surface  of  the  ground  was  quite  dry  but  underneath  the  loose  sur- 
face there  was  more  or  less  moisture.  A  rainfall  of  .37  of  an  inch 
on  August  24  served  to  sprout  the  seed  and  by  the  30th  the  plants 
were  up  nicely.  The  stand  was  almost  perfect  and  on  December  17 
while  the  growth  was  not  large  the  plants  were  green  and  thrifty. 
The  spring  freezing  and  thawing  killed  nearly  all  the  plants,  and  by 
April  15  thei*e  were  very  few  alive. 

In  1896,  four  plots  of  one-twentieth  acre  each  were  sown,  one  plot 
on  each  of  the  following  dates:  May  8,  July  16,  August  15,  and  Sep- 
tember 1.  In  each  instance  the  land  was  thoroughly  cultivated  im- 
mediately before  the  seed  was  sown.  The  seed  was  covered  by 
means  of  a  weeder,  going  over  the  land  twice.  A  good  stand  was 
scured  on  the  plot  sown  May  8.  The  plants  grew  fairly  well  the 
first  part  of  the  season  but  did  not  attain  any  great  height.  The 
crop  blossomed  very  unevenly,  so  that  when  it  was  cut  on  August 
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17,  some  was  coming  into  bloom  while  some  was  past  bloom.  The 
plot  sown  July  16  came  up  very  evenly  and  did  fairly  well  througL 
the  season.  It  was  not  injured  much  by  winter  killing  and  came 
into  full  bloom  May  27  when  it  was  cut  and  fed  to  the  cows. 

The  plot  sown  August  15  did  not  produce  as  good  a  stand  by  at 
least  50  per  cent,  as  that  sown  July  16.  Very  little  was  winter 
killed.    It  came  into  bloom  May  27  when  it  was  cut. 

The  stand  on  the  plot  sown  So]>tember  l»t  was  very  good,  but 
little  growth  was  made  during  the  fall.  Practically  all  the  plants 
were  winter  killed  and  the  ground  was  therefore  used  for  other 
purposes. 

The  yield  in  pounds  per  acre  is  shown  below: 


Date  of  Sowinir. 


Fresh 
substance. 


Atr-dry 
matter. 


May  8.  . 
July  16. 
Aug.   IS, 


n.849 
7,298 


2,687 

8,601 

988 


A  complete  fertilizer  analysis  was  made  of  each  plot  by  Mr.  W.  8. 
Sweetser.  The  samples  for  analysis  were  taken  from  areas,  four  feet 
square.  The  roots  were  also  taken  from  a  space  four  feet  square 
and  two  feet  deep,  weighed  and  analyzed.  The  results  given  below 
were  reported  in  the  Annual  Report  of  the  Station  for  1897,  pp. 
120-133. 


Date  of  Sowing. 


sulks: 

May  8,    ... 

July  16 

Ausrust  16, 

Roots: 

May  8.    ... 

July   16.    .. 
Au^.   15,    .. 


^ 

. 

1 

A 

s 

d 
1 

is 

1 

1 

1 

< 

* 

Z 

fi 

0. 

I 


72.76 
85.57 
87.77 


81.98 
82.15 
59.36 


2.90 

24.84 

1.23 

18.80 

1.09 

11.14 

8.71 

14.81 

2.33 

15.52 

5.02 

85.62 

.661  I 
.891  i 
.812 


.282 
.343 
.689  I 


.166 
.066 
.074 


.689  .684 

.863  '  .8«t2 

.268  I  .272 


.080  I  .206  I 
.061  I  .857  I 
.189  .591  I 


.m 

.289 

.747 
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Date  of  Sowing. 


8Ulk8: 

May  8 

July  16 

Aug.    16.    .... 

Average, 

Roots: 

May  8 

July    16 

August  15,    .. 

Average, 


{ 

. 

1 

.g 

i 

o 

S 

1 

1 

10.66 
8.68 
8.91 

89.85 
91.47 
91.09 

2.427 
S.7D9 
2.551 

.609 
.689 

.606 

2.162 
2.616 
2.142 

1.960 
1.964 
2.224 

9.86 

90.64 

2.562 

.601 

2.278 

2.946 

90.69 
18.06 
12.85 

79.41 
86.96 
87.66 

1.666 
1.922 
1.698 

.444 
.842 
.842 

1.148 
8.000 
1.464 

1.171 
1.889 
1,888 

15.88 

84.67 

1.728 

.876 

1.682 

1.449 

The  estimated  fertilizing  raaterial  in  pounds  per  acre  is  shown 
in  the  following  table.  The  results  obtained  have  been  calculated 
from  the  weight  of  stalks  and  roots  from  an  area  four  feet  square. 


Date  of  Sowing. 

i 

12,492 
5.964 

IS 
El 

8,402 
1.075 

863 
221 

i 
J* 

S 

2 

i 

& 

i 

r 

M 

Stalks,    May   8 

8,039 
854 

82.6 
16.8 

20.7 

2.8 

78.6 
12.8 

66.7 

Roots,  May  8 

12.1 

Total 

18,456 

4,477 

684 

8,893 

99.4 

25.5 

85.9 

79.8 

Stalks,   July  16 

33.900 
9,000 

4.893 
1.606 

417 
210  ! 

4,476  1 
1,896 

182.6 
30.9 

28.8 
5.5 

128.1 
82.2 

96.6 

Roots,   July  16 

21.6 

Total 

42.900 

6.499 

627 ; 

5.872 

168.4 

84.8 

155.8 

117.1 

Stalks.   August  15 

18.320 
2,970 

1,629  i 
1,207 

145 
149 

1.484 
1,058 

41.6 
20.6 

9.9 
4.1 

34.9 
17.6 

86.2 

Roots,  August  16 

22.2 

Total, 

16.290 

2.836 

294 

2,542  1 

62.1 

14.0 

62.6 

68.4 

It  will  be  observed  that  the  fertilizing  material  in  the  roots  is 
very  much  jess  than  that  in  the  stalks,  but  the  method  used  in  se- 
curing the  roots — passing  the  dry  soil  through  a  fine  sieve — should 
be  borne  in  mind,  as  this  would  undoubtedly  leave  a  considerable 
amount  of  the  rootlets  in  the  soil. 
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In  1897,  plots  coDtaioIug  one-twentieth  acre  were  sown  July  14, 
August  16  and  September  4,  respectively.  The  land  was  plowed 
in  the  spring  and  cultivated  occasionally  to  keep  free  from  weeds. 
It  was  thoroughly  cultivated  at  the  time  of  sowing  clover.  The  seed 
was  sown  at  the  rate  of  20  pounds  per  acre  and  coveixid  with  a  Breed's 
weeder. 

There  was  about  75  per  cent,  of  a  perfect  stand  secured  in  the 
plot  sown  July  14  and  very  little  was  winter  killed.  It  was  cut 
May  31^  when  past  bloom,  the  stalks  being  22  to  26  inches  high.  The 
cows  ate  it  quite  readily  and  seemed  to  relish  it.  The  yield  in 
pounds  per  acre  was: 


Fresh 
substance. 

Air-dry 
matter. 

Per  cent, 
moisture. 

Clover,     

2S,a(K> 

4.118 

82.27 

On  the  plot  sown  August  16,  25  per  cent,  of  a  perfect  stand  was 
secured,  but  most  of  the  plants  were  winter  killed.  The  plot  sown 
September  4  had  only  one  per  cent  of  a  stand  and  the  ground  was 
therefore  used  for  other  purposes. 

In  1898,  plots  were  sown  July  15,  August  15  and  September  1. 
The  ground  was  prepared  and  the  seed  sown  in  the  same  way  as  in 
1897.    The  stand  secured  by  the  different  sowings  was: 

July  15,   18  per  cent. 

August  15, 20  per  cenc. 

September  1, 10  per  cent. 

The  clover  on  the  plot  sown  September  1  wa»  nearly  all  killed 
by  tlie  winter  freezing.  On  the  other  two  plots  many  of  the  plants 
were  heaved  out  an  inch  or  two  and  the  top  leaves  were  nearly  all 
killed  by  freezing. 

In  1899,  plots  were  sown  July  15,  August  16  and  September  1  on 
ground  prepared  in  the  same  way  as  that  described  in  the  two  pre- 
vious seasons.  Estimating  a  perfect  stand  as  100  the  stand  of 
clover  secured  by  the  different  seedings  was  estimated  to  be  as  fol- 
lows : 


Date  of  Sowing. 


I     Per  cent. 
I  of 

perfect  stand. 


July  15 60 

August  16 t 

8eptemt>er  1,    i  1 
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The  first  plot  had  about  40  per  cent,  of  the  plants  winter  killed, 
leaving  30  ptr  cent,  of  a  perfect  stand,  while  the  plants  on  the  other 
two  plots  were  practically  all  killed. 

CONCLUSIONS. 

1.  Crimson  clover  will  mature  seed  in  one  season  if  sown  in  the 
fore  part  of  May. 

2.  Crimson  clover  sown  during  July  has  given  larger  yieWs  than 
August  or  September  sowing. 

3.  It  is  important  to  have  a  good  mellow  seed  bed  and  have  the 
seeds  well  covered  to  secure  a  good  stand. 

4.  The  stand  secured  depends  very  much  upon  the  weather  con- 
ditions at  the  time  of  sowing  the  seed. 

5.  The  greatest  injury  was  caused  by  freezing  and  thawing  in  the 
early  spring. 

6.  Strong  vigorous  plants  of  early  seeding  withstood  the  freezing 
much  better  than  the  weaker  plants  of  late  seeding. 


CANADA  FIELD  PEAS. 

The  value  of  the  Canada  field  pea  as  a  forage  crop  has  been  recog- 
nized for  a  number  of  years  by  farmers,  especially  in  Canada  and  in 
the  States  bordering  on  the  Great  Lakes,  where  it  is  grown  both  as 
a  forage  and  a  grain  crop.  The  yields  obtained  by  the  trials  made 
at  this  Station  are  reported  below. 

In  1894  seven  plots  of  one-twentieth  acre  each  were  grown  to  peas 
and  seven  to  peas  and  oats.  The  land  was  plowed  about  seven 
inches  deep  and  cultivated  April  16.  On  April  17  Canada  field  peas 
were  sown  four  inches  deep  on  all  the  plots  at  the  rate  of  two  and 
one-half  bushels  per  acre.  On  each  alternate  plot  oats  were  sown 
at  the  usual  depth  at  the  rate  of  one  and  one-half  bushels  per  acre. 
240  pounds  of  dissolved  South  Carolina  rock  were  applied  ])er  acre 
to  all  of  the  plots.  Both  the  peas  and  oats  made  a  good  growth. 
Where  sown  alone  the  peas  fell  down  and  were  difficult  to  cut.  The 
oats  were  past  the  milk  stage  when  cut  and  the  peas  had  well  formed 
pods,  a  few  having  matured.  The  plots  were  cut  July  7  to  12,  the 
yield  being  as  follows: 
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Date  a  Cuttlnff. 


No. 
of 
plot 


FTMh 


per  aort 
la  Rm. 


▲ir-dnr 
matter 
peraere. 


July  7, 
July  7,  . 
July  f.  . 
July  10. 
July  U, 
July  12. 
July  12. 


11.M0 
lO.iOO 
10.860 

u.no 
10.  no 

10.100 
8.000 


t.188 
8.888 

8.Bn 

t.810 
4.1tt 
4.088 
S.SS8 


Average. 


10.838 


8.7S1 


July  7. 
July  7.   . 
July  9,    . 
July  10, 
July   11. 
July    13. 


Peas. 


Average. 


10.400 
8.800 

8.80O 
S.KHf 
8.80O 
4.700 


8.880 
8.880 
8.178 
8.888 
4.014 
S.U4 


8.883 


8.687 


By  the  above  it  is  seea  that  considerably  the  largest  yield  was  ob- 
tained with  peas  and  oats  grown  together.  Assuming  the  yield  of 
peas  and  oats  to  be  one  hundred,  the  yield  of  peas  is  78.82  for  the 
fresh  and  69.13  for  the  air-dry  matter.  The  pea  plots  were  badly 
lodged  and  tangled,  making  it  quite  difficult  to  cut,  while  the  peas 
and  oats  stood  erect  and  could  be  cut  readily  with  a  machine.  In 
either  case  the  yield  compares  favorably  with  an  average  hay  crop 
and  can  be  made  to  serve  a  valuable  purpose  in  supplying  food  for 
dairy  cows. 

In  1895  a  plot  containing  one-twentieth  of  an  acre  was  sown  to 
peas  and  oats  May  21.  The  peas  were  sown  four  inches  deep  at  the 
rate  of  three  bushels  per  acre  and  the  oats  at  the  rate  of  six  pecks 
per  acre.  In  order  to  get  the  peas  down  deep  enough,  a  narrow 
board  was  placed  on  back  of  hoes  upon  which  a  man  placed  part  of 
his  weight.  By  May  31  the  oats  *vere  well  up  and  the  peas  were 
coming  up.  Both  the  peas  and  oats  made  a  good  growth,  each 
being  about  twenty-four  inches  high.  The  plot  was  cut  July  23. 
at  which  time  the  peas  were  in  bloom  and  the  oats  were  in  the  milk 
stage.  The  cows  ate  the  oats  very  readily  but  left  some  of  the  pea 
vines.    The  yield  ^t  acre  was: 
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Frtsh 
subatanoe. 


Air-dry 
matter. 


Pmm  and  oats. 


17.100  Rm. 


S.460IIM. 


The  yield  of  air-dry  matter  is  nearly  the  same  as  the  average  of 
the  plots  last  year,  namely,  3,751  lbs  per  acre. 

In  1896  a  plot  containing  one-twentieth  of  an  acre  was  sown  to 
Canada  field  peas  on  April  30  at  the  rate  of  six  pecks  per  acre.  The 
plants  appeared  May  10,  began  to  bloom  July  1,  and  were  in  full 
bloom  July  7.  The  plot  was  cut  July  30,  some  of  the  pods  being  yel- 
low and  nearly  ready  to  open.  The  cattle  ate  the  green  tops  up  clean 
except  portions  of  the  stems  which  had  rotted  from  the  wet  weather. 
The  yield  per  acre  was: 


Fresh 
subetanoe. 

Air-dry 
matter. 

Canada  fl«M  p«afi    ...,.,.... 

14448  nba. 

IfMIba. 

A  complete  fertilizer  analysis  was  made  of  the  stalks  and  roots  by 
Mr.  W.  S.  Sweetser.  The  roots  were  taken  from  a  space  four  feet 
square  and  two  feet  deep  by  means  of  sifting  the  soil  through  a  fine 
sieve.  The  results  given  below  were  reported  in  the  Annual  Report 
of  the  Station  for  1897,  pp.  120-133. 


JPertUizer  Analysis  of  JFresh  Svhstmices. 


fltalka. 
Roots, 


80.46 
80.58 


1.88 
8.89 


16.78 
16.18 


.636 

.455 
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.157 

.846 
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.888 
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stalks. 
Roots, 


•d 

& 

I 

1 

d 

^ 

% 

i2 

f 

1 

ja 

O      J 

g 

^ 

0* 

M.42 

85.58 

2.742 

.721 

1.815 

16.90 

88.10 

2.386 

.«77 

.796 

1.770 
1.171 


The  fertilizing  material  per  acre  of  the  whole  crop  as  calculated 
from  sixteen  square  feet  of  surface  is  shown  in  the  following  table: 

Stalks. 


Total  yield. 

Dry  matter. 

i 

-< 

1 

Z 

5 

d 

1 

1 

i 

a 

stalks 

20.142 

3.937 

568 

3.369 

1    108.0 

28.4 

1      51.8 

69.7 

Roots 

1.440 

281 

47 

284 

1        6.6 

1.9 

L_!;L 

8.4 

Total 

21.583 

4.218 

616 

8.608 

j     114.6 

80.8 

1      64.0 

1 

78.1 

The  fertilizing  matter  in  the  roots  is  very  much  less  than  that  in 
the  stalks,  but  the  method  used  in  securing  the  roots — passing  the 
dry  soil  through  a  fine  sieve — would  undoubtedly  leave  a  considerable 
proportion  of  the  rootlets  in  the  soil.  The  development  of  nodules 
on  the  roots  is  shown  in  the  accompanying  cut«. 

It  would  be  necessary  to  apply  716.3  pounds  nitrate  of  soda  to  an 
acre  to  equal  in  pounds  the  amount  of  nitrogen  in  the  total  crop, 
stems  and  roots.  From  a  large  number  of  experiments  conducted 
with  garden  peas  at  the  Storrs'  School  Agricultural  Experiment  Sta- 
tion 33.39  per  cent,  of  the  total  nitrogen  in  the  plants  was  acquired 
from  the  atmosphere.  On  this  basis,  the  Canada  field  pea  plowed 
down  would  have  enriched  the  soil  in  nitrogen  by  38.26  lbs.  per  acre, 
or  an  equivalent  in  weight  of  nitrogen  of  239  lbs.  nitrate  of  soda, 
which  under  ordinary  conditions  would  be  considered  a  heavy  ap- 
plication. 

In  1897  a  plot  of  Canada  field  peas  was  sown  at  the  rate  of  two 
bushels  per  acre.    The  plot  was  cut  August  4,  when  the  majority  of 

Digitized  by  V:iOOQlC 


S5 

* 

1 

^ 

> 

M 

m 
o 

^^  il^" 

^^^^^t^^ 

<^ 

^^f^T    ^C^I^^T          ^X 

1 

•-  ^% 

i-T  ^^"i.JS?^^j^Vgi 

1 

5 

'■^ 

^.w^^^SS'^ 

o 

^ti. 

|8^            S^^yigw^'^i^        ' 

__^ 

^^2&^ 

o 

^"^Pf^^^ 

2 
a 

CO 

Digitized  by 


Google 


OF   T 


Digitized  by 


Google 


Digitized  by 


Google 


:3 
o 


00 

a> 

GO 

o 

bo 

d 

o 
jd 
c» 

I 

Q 
•4 


< 
< 

o 


o 


Digitized  by 


Google 


No.  21. 


THE  PENNSYLVANIA  STATE  COLLEGE. 


298 


the  peas  were  in  the  dough  stage,  a  few  beiing  hardened.    The  follow- 
ing is  the  yield  per  acre: 


Fresh 
substance. 


Air-dry 
matter. 


Canada  fleld  peas, 


9.650  lbs. 


1,016  lbs. 


The  cows  ate  the  vines  readily,  but  the  amount  was  not  large 
enough  to  make  a  careful  test  of  their  feeding  value,  as  compared 
with  other  forage  crops. 

In  addition  to  the  above,  one  plot  each  was  sown  to  oa  ts,  oats  and 
barley,  barley,  peas,  and  peas  and  oats.  The  land  was  plowed  7  to 
8  inches  deep  May  1  and  thoroughly  cultivated  with  spring  and  spike 
tooth  harrows,  after  which  the  seed  was  sown  as  follows: 

Plot  I. — Sown  with  oats  at  the  rate  of  two  bushels  per  acre. 

Plot  n. — Sown  with  oats  and  barley  mixed  (equal  parts  by  mea- 
sure), at  the  rate  of  two  bushels  per  acre. 

Plot  m. — Sown  with  barley  at  the  rate  of  two  bushels  per  acre. 

Plot  IV. — Sown  with  peas,  at  the  rate  of  two  bushels  per  acre. 

Plot  V. — Sown  with  oats  and  peas  (mixed  equal  parts  by  measure) 
at  the  rate  of  two  bushels  per  acre.  The  yield  of  the  different  plot® 
in  pounds  was: 


Plot. 


Date  of 
harvesting. 


Fresh 
substance. 


Air-dry 
matter. 


I. 

n, 
III, 

IV, 

V. 


July  17. 
July  14, 
July  14. 
July  15, 
July  15, 


10.000 
9.54S 
9.348 
8.948 

10.814 


3.774 
4.282 
4.609 
2.889 
3.187 


The  oats  when  cut  were  in  the  milk  stage,  the  barley  and  peas 
were  in  the  dough  stage,  a  few  of  the  grains  beginning  to  harden. 
The  forage  was  fed  to  the  cows  in  the  fresh  state  and  was  eaten 
quite  readily  except  in  the  case  of  the  more  fully  matured  barley 
and  pea  stalks. 

As  in  former  years,  the  trial  shows  that  the  greatest  amount  of 
forage  can  be  produced  where  the  peas  are  sown  with  some  other 
crop. 

In  1898  a  Russian  variety  of  field  peas  was  compared  with  Canada 
field  peas.    The  stand  secured  was  poor  in  both  cases,  especially 
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with  the  RuBBian  variety.  The  nature  and  growth  of  the  BasBian 
variety  resembled  very  much  the  Canada  field  pea  and  matured  at 
the  Bame  time.  No  Buperlority  over  the  old  variety  could  be  noticed. 
In  fact,  the  yield  was  considerably  less,  but  as  the  stand  was  so 
poor  it  could  not  be  considered  a  fair  test. 

CONCLUSIONS. 

1.  The  Canada  field  pea  is  valuable  both  as  a  forage  and  renovating 
crop.    As  much  forage  can  be  raised  as  with  a  good  hay  crop. 

2.  The  greatest  amount  of  forage  is  secured  when  the  peas  are 
sown  with  oats,  and  are  much  more  easily  harvested  than  when  sown 
alone. 

3.  A  bushel  and  a  half  to  two  bushels  of  peas  with  a  bushel  to  a 
bushel  and  a  half  of  oats  is  the  proper  amount  of  seed  to  use.  Tho 
peas  should  be  covered  three  or  four  inches  deep  and  sown  as  early 
in  the  spring  as  the  ground  will  permit.  The  oats  should  not  be  cov- 
ered more  than  two  inches  deep  and  may  be  sown  at  same  time  as 
peas,  or  five  to  six  days  later. 

4.  Peas,  when  cured,  are  not  reliehed  as  much  by  cattle  ae  good 
clover  hay,  but  are  eaten  quite  readily.  In  no  instance  have  cattle 
refused  to  eat  them  when  in  the  green  stage. 

FLAT  PEA. 

This  pea  has  attracted  considerable  attention  during  the  last  ten 
years,  and  is  fully  described  by  F.  Lamson-Scribner  in  Circular  No. 
11,  Division  of  Agrostology,  United  States  Department  of  Agri- 
culture, Washington,  D.  C,  to  which  reference  may  be  had  for  fuller 
information.  Quoting  in  brief:  "The  fiat  pea  is  a  variety  of  the 
woodland  pea  (Lathyrus  sylvestris)  which  is  not  very  different  in 
appearance  from  the  common,  or  everlasting,  pea.  It  is  a  peren- 
nial, enduring  sometimes  for  twenty-five  years  or  more,  has  strong, 
deep,  much-branched  roots,  and  produces  many  trailing  or  climbing 
stems,  which  interlace  in  great  tangled  masses."    ♦    ♦     ♦     ♦        • 

This  pea  is  xi  native  of  Europe,  and  is  most  abundant  in  the  Central 
Southern  parts,  extending  into  Northern  Africa.  It  is  found  m 
thickets  and  hedge  rows  and  on  rocky  hillsides,  blossoming  through- 
out the  summer." 

It  is  very  deep-rooted  and  withstands  drouth  very  well,  remain- 
ing green  when  all  other  herbage  would  be  practically  burned  up. 
"Owing  to  its  power  of  taking  nitrogen  from  the  air,  and  therefore 
of  growing  without  the  aid  of  nitrogenous  manures  when  once  well 
established,  the  flat  pea  is  thought  to  be  especially  adapted  to  com- 
paratively poor,  sandy,  shaly,  or  'chalky'  soils.  ♦♦♦♦♦• 
The  Lathyrus  is  said  to  be  a  good  binder  for  drifting,  sandy  soils, 
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the  strong,  deeply  penetrating  roots  forming  a  mesh  which  holds  the 
particles  of  soil  together.  The  roots  are  sometimes  20  to  30  feet 
long."  '*It  is  claimed  that  the  hay  of  the  Wagner  flat  pea  makes 
an  excellent  fodder,  much  relished  by  cattle,  sheep  and  hogs,  and 
contains  more  nutriment  than  most  standard  fodders." 

RESULTS  OBTAINED  AT  THIS  STATION. 

A  small  plot  of  ground  was  planted  May  9,  1894.  The  seed  was 
placed  four  to  six  inches  apart  in  rows  thirty-six  inches  apart  and 
covered  about  four  inches*  deep.  The  plants  had  not  come  up  by 
July  7,  and  thinking  that  the  seed  was  poor  the  ground  was  culti- 
vated and  a  plot  containing  one-fortieth  of  an  acre  replanted.  The 
last  planting  came  up  rather  irregular  and  made  a  poor  growth. 
In  1895  the  plot  was  kept  reasonably  free  from  weeds  by  surface 
cultivation  and  new  seed  put  in  the  missing  places.  The  growth 
was  not  large  enough  to  cut  and  it  appeared  as  though  the  plant 
would  be  a  failure. 

In  1896  the  plot  was  cultivated  and  kept  free  from  weeds.  The 
plants  made  a  good  growth,  especially  on  the  damper  parts  of  the 
plot.  By  July  8th,  the  growth  wus  about  two  feet  high,  the  vines 
being  much  interwoven.  There  were  quite  a  number  of  flowers  on 
the  plants  and  some  pods  were  formed. 

The  plot  was  cut  with  a  scythe  and  fed  to  the  cows  in  the  green 
state,  but  was  not  relished  by  them,  some  refusing  to  eat  any  of  it. 
After  cutting,  the  plot  soon  began  to  make  a  second  growth  which 
was  cut  October  lf».    The  yield  per  acre  in  pounds  was: 


Date  of  Cutting. 

Fresh 
substance. 

Air-dry 
substance. 

JuJy  8 

11.786 
8.252 

8.m 

S.OOl 

October  1«.   

Total 

19.068 

6.128 

A  complete  fertilizer  analysis  was  made  of  that  harvested  July 
8,  by  Mr.  W.  S.  Sweetser.  The  roots  were  also  taken  from  a  space 
four  feet  square  and  two  feet  deep,  weighed  and  analyzed.  The  re- 
sults given  below  were  reported  in  the  Annual  Report  of  the  Station 
for  1897,  pp.  120-133. 
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stalks: 

Fresh    substance, 
Water-free  substance, 

Roots: 

Fresh  substance, 
Water-free   substance, 


jice,    

77.72 

1.94 
8.71 

78.69 

2.68 
12.  U 

ince,    

20.34 
91.29 


18.73 
87  89 


8.06 


.410 
1.924 


.140 
.628 


.457 
2.051 


.281 
1.819 


.187 
1,602 


.195 
.915 


The  following  table  gives  the  estimated  weight  of  stalks  and  roots 
per  acre  and  also  the  fertilizing  material  which  they  contain.  The 
estimation  is  based  on  the  yield  of  an  area  four  feet  square  as  pre- 
viously described. 

l^oundn  Per  Acre, 


u 

•d 

« 

•i  . 

•0 

«; 

g 

o 

•c 

a> 

3 

6 

d 

c 

1 

i 
s 

1 

E 

e 

5 

^ 

O 

Z 

£ 

s 

5 

1 

25.560 

6.C96 

497 

5.199 

174.3 

86.8 

U6.8 

91.8 

15.852 

8,377 

409 

2.968 

65.0 

14.0 

44.6 

80.9 

41,412 

9.073 

906 

8.167 

239.8 

49.8 

161.8 

122.2 

Stalks.     .. 
Roots,     . . . 

Total, 


The  above  table  shows  that  the  plant  contains  a  large  amount  of 
fertilizing  materials  and  should  be  an  excellent  crop  for  renovating 
wornout  land.  The  roots  were  very  large  and  went  down  consider- 
ably deeper  than  the  two  feet,  the  lowest  depth  of  sampling,  so 
that  the  weights  for  the  roots  are  evidently  too  small.  Again,  it 
was  impossible  to  get  all  the  small  roots  out  of  the  soil  by  the 
method  used — passing  the  soil  through  a  fine  sieve.  To  supply  the 
amount  of  nitrogen  found  in  the  crop  in  nitrate  of  soda,  it  would  re- 
quire 1,089.4  pounds  for  the  stalks,  406.3  pounds  for  the  roots,  or 
a  total  of  1,495.7  pounds  nitrate  of  soda  per  acre. 

There  was  a  very  large  number  of  nodules  on  the  roots  of  this 
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crop,  many  of  them  gathered  into  quite  large  clusters.    This  may 
account,  in  part,  for  the  large  amount  of  nitrogen  in  the  crop. 

A  comparison  of  (he  fodder  analysis  with  that  obtained  at  other 
Stations  is  shown  below. 


Aoh 

Crude  protein,    

Crude  fiber,    

Notrogen-free  extract. 
Crude  fat 


Pennsylvania 

Michigan 

Station. 

Station. 

cut  In  bloom. 

8.6 

9.0 

25.0 

29.0 

28.6 

29.0 

S4.8 

30.2 

8.5 

2.8 

California 

Station. 

Cut  after 

bloom. 


8.7 
22.4 
26.7 
87.7 

4.6 


England. 

Cut  after 

bloom. 


7.5 
18.0 
29.6 
40.1 

4.9 


In  1897  a  very  good  growth  was  made,  the  character  of  which 
is  shown  in  the  following  cut: 

A  part  of  the  crop  was  fed  in  the  green  stage  and  the  remainder 
cured  as  hay,  before  feeding.  About  half  of  the  cows  ate  it  readily, 
others  ate  the  greater  part,  while  a  few  ate  scarcely  any.  It  was 
eaten  about  as  readily  w^hen  dried  as  in  the  green  state.  There  was 
no  perceptible  change  in  the  milk  flow  but  the  amount  was  not  large 
enough  to  make  a  careful  test.  The  first  crop  was  cut  July  13,  the 
second  October  5.    The  following  is  the  yield  per  acre  in  pounds: 


Presli 
8Ub8tance. 

Air-dry 
matter. 

July  12 

21.668 
8,067 

6.851 

August   5,    

8.216 

Total      

29.686 

9.067 

The  above  yield  is  very  large  when  compared  with  a  good  yield 
of  clover  or  timothy  and  is,  in  fact,  as  much  air-dry  matter  as  is 
secured  in  a  good  com  crop. 

In  1898  the  first  crop,  cut  June  16,  was  very  heavy,  but  the  second 
was  very  poor.  For  about  two  months  after  the  crop  was  cut  prac- 
tically no  growth  was  made  and  the  plants  were  yellow  and  looked 
as  though  they  were  drying  out.  About  the  last  week  in  August 
the  plants  began  to  turn  green  and  made  a  small  growth  before  frost, 
but  were  not  harvested.  The  following  yield  in  pounds  per  acre 
was  secured: 
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iktr-dry 
matter. 


Yield  in  Ibe.  per  acre. 


18.I69 


S.4M 


It  was  fed  to  the  cows  in  the  green  stage.  Thej  ate  it  readily, 
except  the  harder  parts  of  the  stems. 

Another  plot  was  sown  in  the  spring  but  the  plants  did  not  grow 
large  enough  to  be  cut. 

In  the  spring  of  1899  another  plot  containing  .118  of  an  acre  was 
sown.  The  tope  of  the  plants  that  were  started  in  1894  were  frozen 
and  there  was  no  apparent  advantage  in  not  cutting  the  second 
crop  in  the  fall. 

On  the  plot  planted  the  previous  spring  a  number  of  the  plants 
were  killed  by  freezing.  Some  were  heaved  out  of  the  ground  at  least 
three  inches,  indicating  that  the  soil  of  the  Experiment  Station 
farm  holds  too  much  moisture  for  the  most  successful  cultivation  of 
this  crop.  The  plot  was  not  cut  until  September  27.  There  was  a 
fair  growth  on  the  plot  by  June  30,  but  it  wa®  not  cut.  In  the  latter 
part  of  July  the  plants  had  a  yellow,  unthrifty  appearance.  About 
the  middle  of  August  a  second  growth  started  and  the  first  died 
off,  apparently  showing  that  the  first  growth  should  have  been  re- 
moved. 

The  plot  yielded  at  the  rate  of  4,052  pounds  of  fresh  substance  per 
acre  which  contained  1,370  pounds  of  air-dry  matter. 

The  yield  of  the  plot  planted  in  1894  is  shown  below. 


Fresh 
■ubatanoe. 

Alr-dnr 
matter. 

June  80,  1899    

17.8S3 
4,840 

s.«n 

September  27,  1899 

1.644 

Total      

2t,66S 

S.Slf 

When  cut  June  30  the  plants  were  in  bloom  and  some  pods 
formed.  Some  were  fed  green  and  the  remainder  dried  in  the  sun 
and  then  fed.  Tn  the  green  stage  it  was  eaten  readily  by  all  the 
cows.  It  did  not  change  the  flow  of  milk  as  compared  with  green 
timothy;  there  was  not  enough,  however,  to  give  it  a  thorough  trial. 
In  the  dry  stage  the  cows  ate  it  nearly  as  well  as  when  green. 
An  objection  to  the  plant  is  the  diflSculty  with  which  it  is  cut. 
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The  vines  mat  together  verj  much  making  it  necessary  to  cut  it  with 
a  scythe  or  sickle.  Where  the  growth  is  large,  it  is  necessary  to 
tear  the  vines  apart  after  each  row  is  cut.  However  large  plots 
should  be  readily  cut  with  a  mowing  machine. 

Late  in  the  fall  of  1899  the  plots  were  mulched  with  a  heavy  coat 
of  strawy  manure.  This  prevented  considerable  heaving,  although 
some  plants  were  killt^d  as  in  the  previous  winter.  Of  the  seed 
sown  in  1899,  it  was  observed  that  some  did  not  come  up  until  the 
middle  of  May,  1900.    The  seeds  were  sown  dry. 

CONCLUSIONS. 

1.  To  grow  the  crop  successfully,  the  soil  should  not  be  wet 
enough  to  cause  much  heaving. 

2.  The  seed  sl;iould  be  scalded  before  planting,  a  satisfactory 
method  being  to  pour  enough  boiling  water  over  the  seed  to  cover 
it  and  let  it  stand  for  twenty-four  hours. 

3.  The  seed  should  be  planted  in  rows  far  enough  apart  to  allow 
of  horse  cultivation.  If  the  rows  are  not  more  than  twenty-four  or 
thirty-six  inches  apart,  the  plants  need  not  be  closer  than  six  inches 
in  the  row.  Thorough  cultivation  should  be  given  until  the  plants 
cover  the  ground. 

4.  The  flat  pea  promises  well  as  a  forage  crop.  It  is  not  eaten 
readily  at  first,  but  cattle  become  accustomed  to  it,  and  eat  it  with 
considerable  relish. 

5.  It  stands  a  drouth  well  and  should  do  well  on  dry  soils. 

6.  The  large  yields  attest  to  its  value  as  a  forage  crop. 

7.  The  chief  objections  are: 

(a)  The  length  of  time  necessary  for  the  young  plants  to  be- 
come well  established. 

(b)  It  is  somewhat  difficult  to  harvest. 

VETCHES. 

A  plot  of  one-twentieth  acre  was  sown  to  spring  vetch  April  30 
at  the  race  of  one  bushel  of  seed  per  acre.  The  stand  was  fair  and 
the  plants  began  to  bioom  July  7.  Soon  after  the  plants  began 
to  bloom  they  were  infested  with  blister  beetles  which  largely  pre- 
vented the  formation  of  pods.  When  cut  on  September  23  the  plants 
were  in  an  unthrifty  condition,  there  being  few  pods  formed  and  the 
lower  part  of  the  stalks  were  more  or  less  brown.  The  yield  in 
pounds  per  acre  was  3,365  for  fresh  substance  and  2,432  for  air- 
dry  matter. 

Russian  vetch  fS'^icia  villosa),  also  known  as  sand  or  hairy  vetch. 
Seed  of  this  variety  was  obtained  from  the  United  States  Depart- 
ment of  Agriculture  and  with  it  was  received  the  following  descrip- 
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tioD:  ^^Hairy  vetch  is  an  excellent  annual  soiling  crop,  one  of  the 
best  that  has  been  introduced  into  the  United  States,  although 
it  has  not  been  widely  cultivated.  Sow  one  and  one-half  bushels 
per  acre  from  the  latter  part  of  April  to  the  middle  of  May  for  sum- 
mer forage,  or  from  the  middle  of  August  to  the  middle  of  Septem- 
ber for  winter  forage.    It  is  a  fine  soiling  crop  and  green  manure. 

The  yield  of  hay  varies  from  one  and  one-half  to  four  tons  per  acre, 
according  to  the  fertility  of  the  soil.  It  has  been  grown  success- 
fully in  all  parts  of  the  country  and  is  both  hardy  and  drought  re- 
sistant. It  is  deserving  of  wider  cultivation  in  all  parts  of  the 
United  States." 

A  plot  was  sown  at  the  rate  of  one  and  one-third  bushels  seed  per 
acre  on  September  15,  1896.  A  goi>d  stand  was  secured  which  came 
through  the  winter  quite  well.  The  plants  were  in  full  bloom  by 
June  13.  After  this  the  leaves  began  to  die  at  the  bottom  but  con- 
tinued growth  at  top.  The  plot  was  cut  June  28  and  fed  to  the  cows 
in  a  green  state.  The  yield  in  pounds  per  acre  was  5,250  of  fresh  sub- 
stance and  1,785  of  air-dry  matter. 

Although  the  yield  of  fresh  substance  was  considerably  more 
there  was  a  less  yield  of  dry  matter  per  acre  by  647  pounds  than  that 
given  by  the  spring  vetch. 

A  complete  fertilizer  analysis  was  made  of  the  stalks  and  roots 
of  both  varieties.  The  roots  were  taken  from  a  space  four  feet 
square  and  two  feet  deep  and  were  separated  from  the  soil  by  passing 
the  soil  through  a  fine  sieve.  The  results  given  below  were  reported 
in  the  annual  report  of  the  Station  for  1897,  pp.  120-133. 


fertilizer  Analysis. 


Spring  Vetch. 

Stalks:  i 

Fresh  substance I    32.82 

Water-free  substance 

Roots: 

Fresh  substance 79.38 

Water- free  substance,   

Russian  or  Sand  Vetch. 

Stalks: 

Fresh  substance 63.12 

Water-free  substance 

Roots: 

Fresh  substance 85.78 

Water-free  substance 


m 
< 


6.45 
9.60 


2.05 
9.94 


8.25 
8.81 


2.06 
14.49 


60.78 
90.40 


18.67 
90.06 


33.63 
91.19 


12.16 
85.51 


1.838 
2.021 


1.100 
2.983 


.279 
1.9«2 


.572 
.851 


.140 
.679 


.817 
.860 


.084 
.591 


8 

13 


1.608 
2.287 


.280 
1.858 


1.561 
2.S24 


.80S 
1.466 


.744 
2.017 


.162 
1.129 


.580 
1.578 

.225 
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The  following  table  gives  the  amount  of  fertilizing  material  in 
pounds  per  acre  as  determined  from  the  weight  of  stalks  and  roots 
from  areas  four  feet  square: 


Spring  Vetch : 

Stalks 

Roots,     

Total.    ... 

RuMlan  Vetch 

Stalks 

Roots.     . . . . 

Total,    ... 


u 

•d 

9> 

S 

3 

1 

4 

1 
1 

c 

1 

d 

s 

o 

t 

m 

F 

s 

H 

Q 

< 

O 

Z 

^ 

^ 

a 

8.832 

5.934 

E70 

6,664 

119.9 

50.0 

132.7 

137.9 

1.906 

893 

39 

354 

7.4 

2.7 

5.3 

5.8 

10,740 

6.827 

609 

5.718 

127.8 

58.2 

138.0 

148.7 

6.756 

2.492 

220 

2.272 

74.8 

21.4 

60.8 

39.8 

1.560  , 

231 

32 

189 

4.4 

1.3 

2.5 

8.5 

8.316 

2.713 

252 

2.461 

78.7  1 

22.7 

52.8 

42.7 

From  the  above  table  it  will  readily  be  seen  that  the  crop  con- 
tains a  large  proportion  of  fertilizing  ingredients  and  should  serve 
a  valuable  purpose  for  renovating  worn  out  lands,  even  if  its  feeding 
value  is  no  greater  than  that  of  other  popular  forage  crops.  Many 
practical  agriculturists  believe  that  the  roots  of  plants  contain  as 
much  fertilizing  matter  as  the  stalks.  The  foregoing  results,  how- 
ever, indicate  that  by  far  the  greater  part  of  the  fertilizing  constitu- 
ents is  contained  in  the  stems  and  leaves.  Without  doubt  many 
small  rootlets  were  not  removed  from  the  soil  in  passing  the  soil 
through  a  sieve  and  consequently  the  estimated  amount  of  the  fer- 
tilizer ingredients  in  the  roots  is  probably  somewhat  too  low.  While 
some  leaves  were  lost  yet  the  relative  proportion  of  loss  through  the 
loss  of  leaves  will  probably  not  be  so  great  as  that  through  the  root- 
lets which  were  not  recovered. 

In  1898,  a  plot  was  sown  to  Russian  vetch  and  one  to  vetch  and 
oats.  The  votch  was  sown  at  the  rate  of  six  pecks  per  acre;  the 
vetch  and  oats  were  mixed  in  equal  parts  by  measure  and  sown  at 
the  rate  of  two  bushels  per  acre.  A  good  stand  of  vetch  and  oats 
was  secured.  The  plots  were  cut  eTuly  15,  at  which  time  the  vetch 
and  oats  were  in  bloom.  The  cows  did  not  eat  the  vetch  as  readily 
as  the  oats.  The  yield  of  the  plots  in  pounds  per  acre  is  shown 
below: 
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Fresh 
■utMtanoe. 


matter. 


Vetch 

Vetch  and  oata. 


U.5M 
10.400 


2.980 
S526 


The  vetch  where  sown  alone  lodged  badly  and  was  difficult  to 
cut.  On  the  other  plot,  the  oats  served  as  a  support  for  the  vetch. 
Thus  both  plants  stood  erect  and  were  easily  harvested. 

By  August  13,  the  vetch  on  both  plots  had  made  a  fair  second 
growth  and  was  beginning  to  bloom.  Both  plots  were  cut  August 
30,  when  in  full  bloom.  The  plot  sown  to  vetch  alone  in  the  spring 
had  considerably  more  weeds  than  the  one  sown  to  vetch  and  oats, 
so  that  the  actual  yield  of  vetch  or  the  former  plot  was  not  as  much 
higher  as  would  appear  from  the  actual  weights  obtained.  There 
was  no  second  growth  of  oats.    The  yield  obtained  was: 


Vetch  plot 

Vetch  and  oats  plot, 


Fresh 
substance. 


6.500 
6.600 


Per  cent, 
moisture. 


80.20 
79.28 


Air-dry 
matter. 


1.287 
1.141 


The  following  is  the  total  yield  for  the  first  and  second  crops: 


Ftesh 
substance. 


Air-dry 
matter. 


Vetch,    

Vetch  and  oats. 


18.094 
16.900 


4.267 
4.667 


After  the  second  crop  was  cut  the  plants  began  to  grow  again  and 
during  the  fall  formed  a  thick  mass  of  vines  which  thoroughly  cov- 
ered the  ground.  Durlog  the  winter  about  fifty  per  cent,  of  the 
leaves  were  killed,  but  the  plants  were  mostly  in  good  condition. 

The  plants  began  to  bloom  May  20,  and  by  June  8  they  were  in 
full  bloom,  ^ome  of  the  vines  began  to  die  off  at  the  bottom.  The 
average  height  over  the  plot  ^as  about  eighteen  inches,  even  after 
the  vetch  had  lodged  a  great  deal.    Many  of  the  plants  were  three 


Digitized  by 


Google 


No.  21.  THE  PENNSYLVANIA  STATE  CX>L.L.EGE.  802 

or  four  feet  long.  The  plots  were  cut  June  16,  when  many  pods 
had  formed  and  the  seed  was  in  the  dough  stage.  The  cows  ate  the 
green  portions  but  rejected  many  of  the  stalks  as  they  had  become 
somewhat  woody.    The  yield  in  pounds  per  acre  was: 


Fresh 
sulMtanoe. 


Vetch,    

Vetch  and  oata, 


12,600 
10,000 


There  was  no  growth  made  after  this,  the  third  cutting,  and  the 
plots  were  therefore  used  for  other  purposes. 

The  results  obtained  would  indicate  that  Russian  vetch  is  a  valu- 
able acquisition  to  our  list  of  forage  crops.  On  account  of  thr. 
difficulty  in  harvesting  the  crop  when  sown  alone,  it  should  be 
sown  with  oats  or  barley  as  it  can  then  be  cut  with  a  machine.  One 
advantage  of  sowing  it  with  oats  is  that  the  two  plants  mature  about 
the  same  time.  An  equal  amount  of  vetch  and  oats  by  measure 
sown  at  the  rate  of  one  and  one-half  to  one  and  three-fourths 
bushels  per  acre  will  give  a  good  stand  under  favorable  circum- 
stances. 

SPURRY. 

Spergvlu  arvetisis. 

This  plant  has  been  highly  recommended  for  dry  sandy  soils 
where  clover  and  other  more  valuable  forage  crops  cannot  be  grown. 
It  is  said  to  be  eaten  readily  by  horsee,  cattle  and  sheep. 

On  May  9, 1894,  one  one-twentieth  acre  plot  was  sown.  The  seed 
was  sown  broadcast  and  well  harrowed  in. 

On  June  28  the  plot  was  cut  for  forage,  the  plants  being  about 
twelve  inches  high  and  well  past  bloom.  Soon  after  cutting  the 
plants  commenced  to  produce  a  second  growth  which  grew  quite 
rapidly.  The  second  crop  was  cut  July  25  when  the  plants  were 
five  or  six  inches  high.  A  third  cutting  was  made  September  7 
when  the  seeds  were  well  formed.  The  following  table  shows  the 
total  yield  per  acre  and  the  yield  at  each  cutting: 


Date  of  Cutting. 

Welirht  of 

fresh 
substance. 

Air-dry 
Matter 

June  »,  

7,240 

1.680 

S60 

1,1% 

July  »,   .... 

61% 

September  7, - 

16t 

Total,    
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On  Maj  9,  1895,  one  one-twentieth  acre  plot  was  sown  at  the 
rate  of  seven  pounds  of  seed  per  acre.  The  plot  was  well  fitted 
with  a  spring  tooth  harrow,  the  seed  was  sown  broadcast  and  har- 
rowed in.  Good  germination  was  secured  but  about  forty  per  cent, 
of  the  plants  were  destroyed  by  a  somewhat  severe  drouth  which 
followed  germination. 

The  plot  was  cut  July  23,  when  the  seeds  were  in  the  dough  stage, 
and  yielded  4,850  pounds  of  fresh  substance,  or  1,164  pounds  of  dry 
matter  per  acre.  The  second  growth  was  so  poor  that  no  attempt 
was  made  to  harvest  it. 

The  fresh  substance  was  readily  eaten  by  milch  cows  which  were 
being  fed  soiling  crops. 

The  above  records  of  yields  do  not  indicate  that  spurry  should 
replace  the  more  common  forage  crops  which  are  now  grown  on 
arable  soils  of  Pennsylvania. 

MILLET. 

\A%  letters  of  inquiry  pertaining  to  millet  as  a  forage  crop 
for  Pennsylvania  are  annually  received  at  this  Station,  it  was 
thought  advisable  to  test  the  growth  of  one  or  more  of  the  com- 
mon varieties  which  are  grown  for  forage  in  eastern  United  States. 

Accordingly  two  plots  of  one-twentieth  acre  each  were  sown  to 
QoJ'ien  Wonder  millet  (Setaria  Italica)  May  21,  1895.  The  seed 
was  sown  ')y  hand  on  well  prepared  land  and  harrowed  in.  The 
soil  of  these  plots  was  limestone  clay  loam  and  naturally  well 
drained.  The  seed  germinated  well  and  produced  a  good  stand  of 
plants  uniformly  over  both  plots.  The  subsequent  growth  was 
quite  satisfactory.  The  plots  were  cut  when  the  seed  was  in  the 
dough  stage,  August  29  and  September  2.  The  yield  per  acre  of 
air-dry  matter  was  6,307  and  6,915  pounds,  giving  an  average  of 
6,661  pounds. 

The  larger  portion  of  the  millet,  soon  after  being  cut,  was  fed 
«ind  readily  eaten  by  the  cows  of  the  Experiment  Station  herd  which 
were  fed  with  soiling  crops. 

The  above  mentioned  yields  would  indicate  that  whenever  an 
unsatisfactory  stand  of  grass  or  clover  is  secured,  millet  may  be 
used  as  a  profitable  roughage  substitute  on  limestone  clay  soils. 

Japanese  millet  (Panicum  Crus-galli-major),  a  member  of  the  group 
of  millets  often  called  "Barnyard  millets,"  from  the  fact  that  they 
are  derived  from  the  common  barnyard  grass  Panicum  Cris-galli. 
These  millets  grow  taller  and  are  much  coarser  than  the  Foxtail  mil- 
lets, of  which  the  German,  Hungi\rian  and  Golden  Wonder  millets 
are  familiar  varieties. 

In  1897  a  plot  of  Japanese  millet  and  a  plot  of  the  New  Siberian 
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millet  were  sown.  The  latter  variety  resembles  the  Hungarian 
millet  in  the  form  of  the  bead  while  the  plants  are  somewhat  larger. 
These  two  plots  were  sown  broadcast  and  harrowed  in.  The  seed 
germinated  well  and  produced  a  good  even  stand.  When  the  seeds 
were  in  the  dough  stage  the  plots  were  cut.  The  yield  per  acre 
is  shown  below: 


Variety. 

Fresh 
substance. 

Air-dry 
matter 

Japanese 

22,300 
13,728 

6,&87 

New  Siberian,    

4,050 

While  the  above  results  were  obtained  by  plot  cultivation,  yet 
the  conditions  were  no  better  than  would  be  secured  in  field  cul- 
tivation where  thorough  culture  is  given. 

These  results  tend  to  show  that  millets  may  serve  a  most  useful 
purpose  as  a  substitute  whenever  clover  has  been  winter  killed  or 
the  usual  hay  crops  have  become  partial  failures.  Millet  may  be 
sown  after  an  early  hay  crop  when  too  late  to  safely  plant  com. 

The  following  summary  is  quoted  from  Michigan  State  Agricul- 
tural College  Experiment  Station  Bulletin  No.  117. 

"Millet  requires  good  soil,  preferably  sand,  and  is  especially  adapt- 
ed to  new  land.  Sow  half  a  bushel  per  acre  for  hay,  one  peck  if  for 
seed. 

Millet  hay  is  strong  feed  and  should  be  used  with  caution,  being 
alternated  if  practicable  with  other  fodder,  especially  if  fed  to 
horses.  It  is  safer  and  more  palatable  if  cut  before  the  seed  begins 
to  ripen.  The  best  variety  is  German  millet,  providing  the  soil  is 
good  and  can  have  the  entire  season.  For  late  sowing  or  poor  soil 
use  common  millet.  Hungarian  grass  on  fertile  soils  in  a  moist 
season  would  give  a  large  yield  of  excellent  fodder." 

SUNFLOWER. 

Hdianthiis  annmis. 

In  order  to  answer  from  actual  trial  the  somewhat  frequent  in- 
quiry "Can  sunflowers  be  profitably  grown  in  Pennsylvania?"  a  few 
plots  have  been  planted  to  Russian  gray  and  Russian  white  sun- 
flowers, as  described  below. 

The  plots  were  one-twentieth  acre  in  size,  and  were  given  good  cul- 
ture similar  to  that  given  corn  under  field  conditions  on  the  College 
and  Experiment  Station  farms. 

The  seed  was  planted  in  rows  three  feet  apart  and  from  fourteen 
to  twenty  inches  apart  in  the  row.    With  the  exception  of  the  pj^4> 
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grown  in  1899  the  plants  made  a  good  growth  and  appeared  to  be 
of  a  saitable  thickness  for  most  abundant  seed  production.  Nearly 
every  stalk  produced  a  good-sized  head. 

When  ripe  the  heads  were  cut  oflf  and  sun-dried  on  the  plot  for  sev- 
eral days.  Then  they  were  removed  to  the  barn  and  spread  out  to 
dry  for  several  weeks. 


Name  of  Variety. 


Russian  Gray, 
Russian  Oray, 
Russian  White, 
Russian  Oray, 


1897 
1898 
1898 
1899 


I 
8 

o 

I 


May  18 
May  IS 
May  • 


I 


s 

Sept.  29 

Oct.  18 

Oct.  18 


i 


il 


^1 


1,8K 

1,186 

LOW 

M8 

88       llM. 
87.68  lbs. 
18.88  Itw. 

58.18 

42.9 

41.01 

1 

The  seed  was  readily  eaten  by  fowls  when  fed  with  wheat  and  oats. 
The  fowls  for  the  most  part  broke  the  hulls  and  ate  only  the  ker- 
nels. 

Without  accrediting  a  much  greater  value  to  sunflower  seeds  as 
a  poultry  food  than  that  recognized  at  the  present  time,  it  must  be 
conceded  that  the  cereals  usually  grown  in  Pennsylvania  afford  by 
far  a  much  cheaper  food  than  sunflower  seeds. 
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SOIL  INOCULATION  FOR  ALFALFA. 


Bt  G.  C.  Watson  and  E.  H.  Hess. 


Several  attempts  have  been  made  to  establish  small  plots  with 
alfalfa  on  the  limestone  clay  soil  of  the  Experiment  Station  farm, 
but  without  satisfactory  results.  While  the  land  is  naturally  well 
underdrained,  it  holds  too  much  water  of  capillarity  to  enable  the 
plants  to  withstand  the  freezing  and  thawing  of  the  first  winter 
after  seeding. 

In  nearly  every  instance  the  plants  made  a  small  or  moderate 
growth  dunng  the  first  growing  season  and  were  unable  to  endure 
the  severity  of  the  winter  under  the  soil  conditions  of  the  Experiment 
Station  farm. 

Three  attempts  were  made  during  three  different  years  to  obtain 
a  stand  of  alfalfa  but  with  only  partial  success  even  when  the  plants 
did  the  best. 

In  1898,  a  somewhat  more  extended  trial  was  made  than  any  that 
had  preceded.  Six  one-twentieth  acre  plote  lying  side  by  side  which 
had  previously  grown  red  clover,  white  clover,  alsike  clover,  tim- 
othy, millet  and  vetch  respectively  were  plowed  and  laid  off  into 
three  plots  which  extended  crosswise  of  the  former  plots  of  clover, 
timothy,  etc.,  so  that  each  one  of  the  three  new  plots  contained  an 
equal  portion  of  each  of  the  former  plots. 

The  ground  was  plowed  eight  inches  deep,  April  15,  and  kept  well 
cultivated  until  May  27,  when  the  seed  was  sown  broadcast  and  har- 
rowed in. 

Before  seeding,  about  a  bushel  of  soil  was  sown  on  plot  No.  1. 
This  soil  was  obtained  from  land  which  had  grown  good  crops  of  al- 
falfa for  several  years  on  the  New  York  State  Experiment  Station 
farm,  at  Geneva,  New  York. 

The  seed  sown  on  plot  No.  II  was  treated  with  an  artificial  cul- 
ture known  **as  "Nitragin,"  which  was  claimed  to  consist  of  a  pure 
culture  of  the  specific  bacteria  of  legume  nodules  in  a  suitable  me- 
dium The  ''Nitragin"  preparation  was  obtained  from  Lucius  and 
Brfining,  Hoechst  on  Main,  through  their  agents  for  the  United 
States,  Victor  Koehl  &  Co. 
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The  same  amount  of  seed  was  sown  on  plot  No.  lU  as  was  sown 
on  the  other  idiots  but  was  untreated. 

The  seed  germinated  fairly  well,  but  the  plants  grew  considerably 
better  on  some  portions  of  the  plots  than  on  others. 

At  the  close  of  the  growing  season  the  plants  were  in  a  fairly 
good  condition.  The  difference  in  stand  and  growth  due  to  the  dif- 
ferent treatments  was  not  great,  the  best,  however,  being  on  the 
plot  treated  with  soil  from  the  New  York  Station. 

The  stand  on  plot  No.  II  was  no  better  than  that  on  plot  No.  III. 
No.  II  plot,  however,  improved  considerably  more  during  the  second 
year  than  did  plot  No.  III. 

During  the  second  year  there  appeared  to  be  considerable  diflfer- 
ence  in  the  growth  of  the  alfalfa,  due  to  the  previous  treatment  of 
the  plots.  Those  on  which  legumes  had  been  grown  appeared  con- 
siderably better  than  those  which  produced  timothy  and  millet. 

The  plots  were  cut  June  22,  soon  after  the  plants  were  coming 
into  bloom.  The  following  table  gives  the  yield  of  green  substance 
and  dry  matter  per  acre: 


Wt   fresh 

Bubstanoe 

per  acre. 


Wt.  air-dry 

matter  per 

acre. 


Plot  No.  I,  soli  Inoculated 6.89S  lbs. 

Plot  No.   II,    "Nltragln"   treated I         4.770  lbs. 

Plot  No.  III.  not  treated 8,S«7  lbs. 


1.222  lbs. 
1.796  lbs. 
1.281  lbs. 


The  above  shows  a  considerable  difference  in  favor  of  the  plot 
treated  with  soil  from  alfalfa  ground,  and  also  some  effect  of  the 
"Nitragin"  treatment. 

In  all  plots,  however,  the  yield  is  much  smaller  than  should  be 
obtained  from  alfalfa  under  favorable  conditions. 

The  subsequent  winter  killing  of  the  plants  over  a  considerable 
portion  of  tho  plots  prevented  a  continuation  of  the  test. 

In  conclusion  it  may  be  said  that  the  results  obtained  from  these 
tests  indicate  that  it  is  of  doubtful  expediency  to  attempt  to  grow 
alfalfa  on  the  shallow  limestone  soils  of  Pennsylvania  when  other 
legumes  are  more  certain. 
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METHODS  OF  STEER-FEEDING. 


A  CO-OPERATIVE  EXPERIMENT  BY  THE  PENNSYLVANIA  STATE  DEPART- 
MENT OF  AGRICULTURE  AND  THE  PENNSYLVANIA  STATE 
COLLEGE  AGRICULTURAL  EXPERIMENT  STATION. 


By  G.  C.  W1.TSON  1.ND  M.  S.  McDowell. 


At  the  suggestion  of  the  Secretary  of  Agriculture,  and  upon  a 
general  plan  devised  by  him,  the  following  experiment  upon  meth- 
ods of  handling  fattening  steers  has  been  carried  out  by  the  Depart- 
ment of  Agriculture  and  the  Experiment  Station  in  co-operation.  It 
is  recognized  that  one  season's  experiment  with  fifteen  animals  is 
far  from  suflScient  to  settle  the  questions  involved,  and  this  bulletin 
is  to  be  regarded  as  a  preliminary  report  only-  It  is  hoped  to  con- 
tinue the  trials  through  succeeding  years. 

The  close  margin  at  which  fattening  steers  are  being  fed  by  the 
farmers  of  Pennsylvania  compels  them  to  look  carefully  for  little 
wastes  that  heretofore  have  gone  unchecked,  and  to  secure  the  most 
eflScient  means  of  caring  for  their  fattening  animals  at  the  least  pos- 
sible expense.  On  account  of  this  close  competition,  the  efficiency 
of  methods  employed  for  converting  the  coarse  fodders  of  the  farm 
and  the  commercial  stock  foods  into  beef  are  to  be  considered  more 
closely  than  ever  before,  in  order  that  the  most  economical  way  may 
be  selected,  and  the  necessary  exi>enditure8  of  money  and  labor  re- 
duced to  a  minimum. 

PLAN  OF  EXPERIMENT. 

In  order  to  ascertain  the  efficiency  and  practicability  of  certain 
methods,  a  practical  steer-feeding  experiment  was  devised  for  the 
purpose  of  determining,  if  possible: 

1.  The  effect  of  different  methods  of  supplying  drinking  water. 

2.  The  efficiency  of  different  methods  of  confining  fattening  ani- 
mals. 

In  order  to  make  a  satisfactory  test  under  practical  conditions,  a 
space  to  accommodate  three  lots  of  steers  of  five  each  was  set  apart 
in  the  basement  of  the  College  barn  for  this  trial.  The  basement 
of  this  barn  is  65x100  feet,  with  the  ceiling  11  feet  high,  and  is 
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largely  used  each  year  for  steer-feeding.  Lot  1  occupied  a  pen  or 
large  box-stall  20  feet  long  and  11.5  feet  wide,  which  is  exactly  the 
same  space  that  five  stalls  had  previously  occupied,  including  the 
alley  at  the  rear  of  the  stalls  used  for  access,  cleaning  them  out,  etc 
Lot  II  occupied  five  stalls  adjoining  this  pen.  Lot  III  occupied  five 
other  stalls  similar  to  those  occupiad  by  Lot  II.  Lot  1,  or  those  in  the 
box-stall,  were  fed  from  a  common  manger  and  supplied  with  drink- 
ing water  kept  before  them  all  the  time  in  an  automatic  watering 
basin,  except  when  the  water  was  withheld  for  a  short  time  previous 
to  weighing  periods.  Lot  II  was  also  supplied  with  automatic 
watering  basins  similar  to  Lot  I.  Lot  III  was  watered  by  turning 
them  out,  for  an  hour  or  two  once  each  day,  in  a  large  yard  adjoin- 
ing the  basement,  where  they  were  permitted  to  drink  in  common 
from  a  large  watering  trough.  The  steers  in  Lots  I  and  II  were  not 
removed  from  the  pens  or  stalls  except  as  it  was  desired  to  weigh 
them  on  alternate  weeks. 

ANIMALS. 

The  steers  used  in  this  experiment  were  purchased  at  the  stock- 
yards at  Pittsburg,  November  20,  1899.  They  were  dehorned  grade 
Shorthorn  steers,  raised  in  northeastern  Ohio,  and  were  carefully  se- 
lected as  to  size,  age  and  quality,  so  far  as  appearances  would  indi- 
cate. While  individual  characteristics,  which  proved  some  animals 
to  be  somewhat  more  desirable  feeders  than  others,  developed  as 
the  feeding  progressed,  yet  all  would  have  been  called  good  feeding 
steers,  either  at  the  beginning  or  at  the  close  of  the  experiment. 
These  steers  were  sorted  into  lots  soon  after  purchasing,  and  were 
confined  in  the  pen  and  stalls  until  December  14,  when  the  experi- 
.  ment  proper  was  begun.  It  was  thought  best  to  defer  beginning 
the  experiment  for  a  few  weeks,  in  order  that  the  animals  might 
become  accustomed  to  their  new  surroundings,  and  also  to  give  an 
opportunity  to  discard  any  animal  that  might  prove  objectionable. 

RATIONS  FED. 

Each  lot  was  fed  grain,  consisting  of  six  parts  of  corn  and  cob 
meal  and  one  part  of  wheat  bran  by  measure,  in  such  quantities  as 
presumably  would  be  readily  consumed.  An  accurate  account  was 
kept  of  the  amount  of  grain  consumed  by  each  lot,  but  the  amount 
fed  from  day  to  day  was  left  to  the  judgment  of  an  experienced  feeder. 
The  grain  for  each  lot  was  weighed  out  weekly  and  placed  in  a  bin. 
At  the  end  of  the  week  that  remaining  in  the  bin  was  weighed  and 
deducted  from  the  amount  previously  weighed  out.  A  similar  ac- 
count was  also  kept  of  the  hay  and  corn  stover  consumed  by  each 
— 1^^,    The  individuals  of  each  lot  were  weighed  on  alternate  weeks. 
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The  following  table  gives  the  amouot  of  food  consumed  weekly  by 
each  lot: 

tood  Consumed, 


— . 





—  - 





— 

-    -— — 

— 

- 

Date. 

Lot.  I. 

Lot  II 

1 

LotlU. 

Fop  Week 
Ending. 

Hay. 

Fodder. 

Grain. 

Hay. 

1 
Fodder. 

Grain.  | 

Hay. 

Fodder. 

Grain. 

Dec.  M,   1899,.. 

2^.0 

89.0 

439.0 

288.0 

107.5 

480.0 

275.0 

87.0 

480.0 

Dec.  28,   1899,.. 

256.5 

96.6 

459.0 

285.0 

103.0 

456.0 

245.5 

67.0 

466.0 

Jan.    4,   1900,.. 

282.6 

100.0 

496.0 

256.6 

109.5 

490.6   , 

240.5 

66.0 

490.6 

Jan.   11,   1900... 

260.0 

117.0 

491.0 

259.0 

124.5 

490.0 

287.6 

63.6 

490.0 

Jan.  18.   1900... 

262.6 

186.0. 

506.0 

262.5 

U7.5 

497.0 

262.6 

78.6 

497.0 

Jan.   25,   1900... 

262.6 

121.0 

535.5 

262.5 

106.0 

538.0 

262.6 

60.0 

688.0 

Pel>.     1,    1900... 

262.6 

136.5 

667.5 

268.6 

112.0 

667.6  , 

262.6 

74.5 

567.6 

Pel>.     8,   1900,.. 

262.5 

124.5 

595.5 

262.5 

81.0  1 

693.5   1 

262.5 

70.0 

598.6 

Feb.  15.   1900... 

297.6 

118.0 

617.0 

287.5 

87.0 

617.0 

298.6 

61.0 

617.0 

Feb.   22,   1900... 

288.6 

Ul.O 

608.0 

291.0 

102.0 

601.5 

293.6 

65.6 

60L6 

Mar.     1.  1900... 

297.6 

104.0 

590.0 

297.5 

108.0 

685.0 

293.5 

61.0 

685.0 

Mar.     8,1900... 

297.6 

112.0 

619.5 

297.5 

98.5 

619.5  1 

296.0 

68.0 

619.6 

Mar.   15   1900... 

297.6 

112.5 

638.0 

294.5 

99.5 

632.0 

290.5 

62.0 

632.0 

Mar.    22,  1900... 

297.6 

91.0 

689.0 

285.5 

83.0 

628.0 

296.0 

46.5 

628.0 

Mar.   91»,  lonn,.. 

322.5 
827.25 

617.5 
515.0 

826.0 
827.25 

618.5  1 
497.0 

808.5 
821.25 

618.6 

Apr.     6^1900,.. 
Apr.    12.  1900... 

497.0 

327.25 

539.5 

828.25 

522.0 

816.25 

622.6 

Apr.    19,  1900... 

827.25 

696.5 

824.25 

576.5 

300.75 

675.5 

Apr.    26,  1900... 

827.25 

610.0 

319.25 

606.0 

287.25 

606.0 

Total,    

6638.50 

1568.00 

10663.5 

5457.00 

1439.0  1 

10643.5 

5339.50 

904.6 

10644.00 

The  hay  consumed  by  the  three  lots  was  of  good  and  uniform 
quality,  largely  timothy,  with  a  little  clover.  The  corn  stover  was 
well  cured  and  shredded.  The  grain,  as  explained  before,  consisted 
of  coin  and  cob  meal  and  wheat  bran,  six  parts  of  the  former  to  one 
part  of  the  latter  by  measure,  or  10  pounds  of  meal  to  0.9  pounds 
of  bran.  The  hay  and  corn  stover  were  placed  in  large  sacks  and 
weighed  on  scales,  and  taken  from  the  sacks  and  placed  in  the 
mangers  as  required.  That  remaining  in  the  mangers  was  weighed 
and  deducted  from  the  total  amount  offered  them,  the  difference 
giving  the  amount  consumed.  As  the  refuse  in  many  cases  was  in- 
considerable, it  was  not  weighed  back  until  a  quantity  had  accum- 
lated  in  the  mangers.  During  the  whole  experiment,  it  was  abserved 
that  Lot  I  was  eating  the  hay  somewhat  closer  than  the  other  two 
lots,  although  this  difference  seemed  to  be  so  slight  that  it  was  not 
thought  best  to  change  the  quantity  offered  them.  The  total  amount 
of  refuse,  however,  for  the  lot  is  shown  by  the  following  tabular 
statement: 
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Amounts  of  hay  and  stover  offered  and  amounts  refused. 


1        Hay 
i    offered. 

Hay 

refiised. 

Stover 
offered. 

Stover 
refused. 

Lot  I 

1 
5533  0 

64.5 

m.o 

258.6 

2512.6 
2612.5 
2510.5 

944  6 

Lot  II,    

5467  0 

1078  5 

Lot  III 

6339.0 

180C.O 

It  will  be  observed  that  Lots  I  and  II  refused  less  hay  and  lese 
stover  than  I«ot  III.  In  other  words,  the  lots  to  which  water  was 
supplied  continually  consumed  nearly  the  same  amounts  of  coarse 
fodder.  These  two  lots  in  this  respect  differed  from  each  other 
much  less  than  either  differed  from  Lot  JU.  Each  lot  was  offered 
the  same  weight  of  hay  and  stover.  It  should  be  noticed,  however, 
that  the  difference  in  the  amount  of  coarse  fodder  refused  varied 
much  more  in  the  case  of  the  corn  stover  than  in  the  case  of  hay. 
For  some  reason  Lot  III  did  not  relish  the  corn  stover  so  well  as 
either  of  the  other  two  lots.  While  this  may  be  due  somewhat  to 
the  individuality  of  the  lot,  yet  the  difference  cannot  be  ascribed 
wholly  to  this  without  further  trials.  In  determining  the  amount  of 
»tover  consumed  by  each  lot,  the  refuse  was  weighed  back  and  care- 
fully sampled,  a  moisture  determination  made,  and  the  weight  calcu- 
lated to  the  original  state  of  moisture.  While  it  is  true  that  the 
chemical  composition  of  the  refuse  would  heve  differed  somewhat 
from  the  original  substance,  yet  the  amount  of  dry  matter  con- 
sumed was  accurately  determined. 

WEIGHTS  AND  GAINS. 

In  the  case  of  nearly  every  animal  the  increase  in  weight  through- 
out the  experiment  showed  considerable  variation,  no  doubt  largely 
due  to  the  amount  of  water  retained  in  the  system  at  the  time  of 
weighing.  In  each  case  the  weighing  was  done  at  9  A.  M.,  and  after 
water  had  been  withheld  for  18  hours.  In  but  two  instances  was 
there  shown  to  be  an  actual  loss  from  the  previous  weight;  steer 
No.  93  in  Lot  I  and  steer  No.  81  in  Lot  III  each,  on  the  5th  of  April, 
weighed  less  than  at  the  previous  weighing,  March  22.  This  may  be 
accounted  for,  in  part  at  least,  by  the  fact  that  after  April  1,  corn 
meal  was  supplied  in  place  of  corn  and  cob  meal,  the  proportion  of 
bran  being  the  same  as  before.  This  change  of  feed  seemed  to  affect 
the  animals  somewhat  unfavorably  for  a  day  or  so,  but  they  soon 
came  back  to  their  former  appetites  and  consumed  their  rations  with 
the  usual  relish.  Such  fluctuations  of  weight,  following  changes  of 
feed,  are  not  uncommon,  being  apparently  due  chiefly  to  changes  in 
the  amount  of  offal  contained  in  the  digestive  organs.  They  serve 
to  warn  us  that  changes  of  live-weight  during  short  periods  are  a  very 

icertain  test  of  the  real  effect  of  a  ration. 
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Steer  No. 

First 
weisrhlng. 

Last 
weighing. 

Total 
gain.  lbs. 

Gam 
Per  cent 

Gain  per 
day.  lbs. 

Let  I,    

91 
93 

98 
94 
95 

1072.0 
990.0 
895.0 
998.0 

1065.0 

1450.0 
1290.0 
1150.0 
1260.0 
1402.5 

878.0 
800.0 
255.0 
262.0 
837.6 

85.26 
80.80 
28.49 
26.25 
81.69 

8.00 

2.88 

8.02 
8.06 
2.68 

Total,     

5020.0 

6552.5 

1532.5 

80.68 

12.16 

Ix)t  n 

86 
87 
88 
89 

985.0 
892.5 
927.5 
972.5 
974.5 

1292.5 
1227.5 
1202.5 
1187.5 
1310.0 

S07.5 
836.0 
275.0 
215.0 
835.5 

81.22 
87.58 
29.65 
22.11 
84.43 

2.44 

2.66 
2.18 
1.71 
S.66 

TMal      

4752.0 

6220.0 

1468.0 

80.89 

11.65 

FjOt  ni,    

81 
88 
82 
84 
86 

952.5 
1002.5 

997.6 
1072.6 

967.5 

1252.5 
1817.5 
1296.0 
1387.5 
1200.0 

800.0 
815.0 
297.5 
265.0 
242.5 

81.49 
31.42 
29.77 
24.71 
25.88 

2.88 

2.50 
8.86 
2.10 
1.92 

Total,    

4982.5 

6402.5 

1420.0 

«.« 

11.28 

From  the  above  table  it  will  be  readilj  seen  that  Lot  No  I  made 
the  greatest  gain  per  day,  although  the  gain  in  percentage  over  the 
original  weight  did  not  quite  equal  that  of  Lot  No.  II.  In  Lot  No. 
I,  every  animal  gained  more  than  two  pounds  per  day,  and  one 
equalled  or  excex^ded  three  pounds.  In  each  of  the  other  two  lots 
there  was  at  least  one  animal  whose  daily  average  gain  was  below 
two  pounds  per  day  during  the  whole  time  of  the  experiment. 

The  following  table  gives  the  amount  of  food  consumed  by  each 
lot  per  pound  of  gain  in  live  weight: 

Food  Consumed' per  Pound  Gained  in  Live  Weight, 


Hay. 

Stover. 

Grain. 

Lot  I,    

8.61 
8.72 
8.76 

1.02 
.98 
.64 

1 

6  95 

Lot  n    

7  18 

Lot  III.    

7  48 

There  was  not  very  much  difference  in  the  amount  of  hay  con- 
sumed by  the  three  lots  per  pound  of  gain  in  live  weight,  Dut  the 
com  stover  and  grain  varied  considerably  more.  Lot  III  refused 
to  eat  as  much  corn  stover  as  either  Lot  I  or  Lot  II,  but  consumed 
about  7  per  cent,  more  grain  for  the  same  gain  in  live  weight  thaur 
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It  has  been  given  as  a  reason  for  not  feeding  several  steers  In  a 
pen  that  there  was  more  danger  of  being  a  great  variation  in  the 
gain  than  where  stall  feeding  is  practiced;  in  other  words,  that 
there  would  be  more  underlings  that  would  not  receive  their  pro- 
portion of  food  and  would  not  therefore  make  so  good  gains  as  if 
they  were  protected  from  their  larger  and  stronger  companions. 
While  a  bunch  of  five  steers  is  not  sufficiently  large  to  show  whether 
this  would  bo  a  serious  objection,  yet  from  the  data  secured  from 
this  trial  the  indications  are  that  there  is  practically  no  diflforence 
in  regard  to  this  point.  At  any  rate,  the  gain  of  the  individual 
animals  in  Lot  No.  I  is  quite  as  uniform  as  in  Lots  II  and  III. 

LABOR  REQUIRED. 

The  following  tabular  statement  indicates  the  amount  of  time  in 
hours  required  for  one  man  to  care  for  each  lot  during  the  entire 
time  of  the  trial: 

Time  of  one  wan  required  for  attendance. 


Hours. 


Percentage 
of  Lot  III. 


LK)t  I.    .. 
Lot  II, 
XiOt  III, 


98.66 
118.88 
128.25 


76.0 
98.0 


It  will  be  noticed  that  Lot  No.  I  received  much  less  attention 
than  either  Lots  II  or  III.  In  other  words,  it  was  found  that  one 
man  could  attend  to  more  animals  in  pens  than  would  be  possible 
where  each  individual  was  kept  in  a  stall.  It  required  much  less 
time  to  clean  out  the  stables,  and  it  also  took  less  time  to  properly 
litter  or  distribute  the  bedding.  The  stables  were  cleaned  daily  for 
Lots  II  and  lU,  but  from  Lot  I  the  manure  was  taken  out  only  a  few 
times  during  the  whole  experiment.  In  each  case  the  same  amount 
of  litter  was  given  each  lot.  Early  in  the  experiment  it  was  found 
that  the  anmials  in  Lot  I  were  keeping  very  much  cleaner  than  the 
animals  of  Lots  II  and  III.  'Am  .ill  the  animals  were  kept  clean  by 
the  use  of  the  brush  and  currycomb,  a  consfiderably  less  time  wa» 
necessary  for  this  purpose  in  the  case  of  Lot  II  than  either  of  the 
other  two  lots. 

CONCLUSIONS. 

So  far  as  any  conclusions  are  wirranted  from  a  single  experiment 
with  a  few  animals,  the  above  results  would  seem  to  indicate  that 
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dehorned  steers  can  be  fed  in  pens,  in  the  manner  practiced  with 
Lot  I,  with  at  least  as  satisfactory  results  as  regards  gain  as  when 
handled  in  the  more  common  way,  v»'hile  there  is  a  very  considerable 
Baling  in  the  amount  ot  work  required  to  properly  care  for  them. 

The  self-watering  device  also  saved  considerable  work  and  pos- 
sibly effected  some  economy  in  the  amount  of  grain  consumed  per 
pound  of  gain,  although  the  unavoidable  differences  between  the 
lots  render  this  conclusion  far  from  certain. 
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OBSERVATIONS  ON  SEPARATORS. 


By  Harut  Hat  ward. 


During  the  Creamery  Course  of  1900,  three  different  makes  of 
power  separators  were  used  and  records  were  kept  of  the  per- 
formance of  each.  While  this  work  was  not  done  with  the  degree 
of  accuracy  which  would  be  expected  in  exhaustive  tests  of  separa- 
tors, the  results  nevertheless  give  a  fair  idea  of  what  may  be  ex- 
pected under  the  varying  conditions  of  creamery  practice  and  of 
the  completeness  with  which  cream  may  be  separated  when  proper 
care  is  used. 

Three  machines  were  used,  namely  the  United  States  No.  1, 
manufactured  by  the  Vermont  Farm  Machine  Company,  Bellows 
Falls,  Vermont,  having  a  rated  capacity  of  2300  to  250C  lbs.  of  milk 
per  hour  at  8,000  revolutions  per  minute;  the  Sharpless  Tubular, 
manufactured  by  P.  M.  Sharpies,  West  Chester,  Pa.,  having  a  rated 
capacity  of  2500  lbs.  of  milk  per  hour  at  24,000  revolutions  per 
minute;  and  the  Alpha  Acme,  manufactured  by  the  DeLaval  Sep- 
arator Co.,  New  York  City,  having  a  rated  capacity  of  1500  to 
1750  lbs.  of  milk  per  hour  at  6,000  revolutions  per  minute.  The 
fat  was  determined  by  the  Babcock  method,  the  double-necked  bottle 
being  used  for  the  skim  milk. 


Digitized  by 


Google 


No  n. 


THE  PENNSYLVANIA  STATE  COIAJSGK. 

United  States. 


SIS 


Datft. 


i 
S 


I 


S  9 

**  o 
•  o 

> 


8 

a 

i 


a 

i 
U 

si 


a 


£ 


January  8. 
JanoaxT  C. 
January  I, 
January  f, 
January  M, 
January  U. 
January  IS. 
January  n. 
January  IS. 
January  IC, 
Janvary  IT. 
Janvary  It. 
January  If. 
January  M, 
January  22, 
January  2S, 
January  SI. 


m 

s.ni 

T.SOS  , 

4.C 

.«i 

SLS 

m 

s,«is 

T.MO 

4.f 

a 

Si.t 

m  . 

t.m 

T.SIt  i 

4^ 

M 

li.S 

»  i 

S.1M 

7.M0 

4.C 

M 

tt.f 

m  ' 

X— 

7.SM 

4.41 

.» 

a.M 

m 

t.m 

7.7M 

4.C 

.IS 

■        St.* 

m 

xm 

7.SM 

4.1 

M 

m.9 

m  ' 

S.IM 

T.SM 

4.C 

M 

n^ 

m 

S.S« 

T.SM 

4.4 

,n 

m.9 

u 

t.is» 

7.SM 

4.C 

.IS 

If. 

m  - 

S.S60 

7.4i0 

4.S 

.17 

a.s 

m 

s.ai 

T.4iO 

4.C 

.M 

M.M 

11 

S.4tf 

S.SM 

4.C 

.MS 

SS.M 

a 

t,m 

S.SIt 

4A 

.Mi 

M.M 

m 

2.M0 

t.MO 

4.2 

.M 

K.M 

a 

S.68» 

s.tis 

4.S 

,m 

-    4S.M 

itt 

S.SM 

T.fM 

4.S 

.MS 

f».M 

Sharpless  Ivbular. 


Date. 


1 

5 

^1 

8 

1 

s 

^ 

^ 

& 

0 

% 

1 

I 

9 

la 

1 

i 

u 

** 

> 

Pi 

Q< 

January   SB.    

January   St 

January  SI 

January   St 

January   St.    

January  SI.    , 

February    1,   

February    S,   

February    S,   

February    f,   

February    t 

February    7,  

February    S.  

February    t,   

February  It,   

February  11.  I 


« 

S.MS' 

M.tM 

4.a> 

.St 

M.B 

ts 

s.sst 

B.tM 

4.4 

.IS 

St.t 

t4 

s.ao] 

Sl.tM 

.M 

M.M 

ts 

s,tit  ; 

M.tM  . 

4.4  1 

.M 

4t.M 

ts 

s.tM  ; 

SS.SM 

.M 

S4.M 

m 

S,S1t  ' 

SS.SM 

.M 

47.M 

S4 

S.4M  : 

SS.tM 

.14 

47.M 

a 

S,Mt 

SS.SM 

4.t  • 

.M 

Si.5 

SB 

S.tl0 

M.tM  , 

4.7  1 

.M 

K.S 

m 

S.tM 

tt.tM 

.«]S 

n.M 

K 

S.1tt 

SS.tM 

4.4  1 

.#7 

SS.M 

ts 

S.OM 

SB.  600 

.M 

M.M 

« 

S,7M 

SS.1M 

4.4  ! 

.M 

M.B 

M 

S.6tt 

M.tM 

.M 

St.M 

M 

S.tM 

S4.tM 

.10 

SLM 

m 

S.1tt 

M.tM 

.M 

G 

St.M 

Digitized  by 

ooqI 

820 


ANNUAL.  REPORT  OF 

Acme  DcLavcU. 


Off.  Doc. 


Date. 


January  5, 
January  6, 
January  %, 
January  10, 
January  11, 
January  12, 
January  18, 
January  15, 
January  16, 
January  17, 
January  18, 
January  19, 
January  80, 
January  22, 
January  23, 
January  24, 
January  25, 
January  26, 
January  27, 
January  29, 
January  80, 
January  31, 
February  1, 
February  2, 
February  8, 
February  5, 
February  6, 
February  7, 
February  8, 
February  9, 
February  10, 


2. 


85 

85 
86 
85 
80-85 
80 
86 


84 


5 

H 

Vi 

i 

o  a 
^1 

1 

II 

h 

> 

1.440  I 

1.685  I 

1,350  I 

1,200  I 
1.515 

1.740  I 

1,660  ' 

li620  I 
1.800 

1.500  I 

1,440  I 

1,800  ' 

1,887  ! 
1,770 

1,572  I 

1.696  I 

1.660  I 
1,620 

1.680  I 
1.666 


1,560 
1.320 
1.680 
1,475 
1.560 
1,580 
1.680 
1,680 
1,560 
1,660 


6.000 
6,400 
6.000 
6,800 
6,000 
6,200 
5.600 
6.000 
6,000 
6,000 
6,000 
6.000 
6.850 
5.800 
6,200 
6,000 
6.000 
6,000 
6,000 
6.900 
6.000 
6,000 
6,000 
6,000 
6.000 
5.550 
6,800 
6.000 
6,200 
6.000 
6,000 


1 
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1 

1 
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a 

a 

I 

I 

s 

«i 

^ 

«; 
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Sjj 

i 
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^  13 

I 

4.6 

.01 

81.00 

4.1 

.08 

40.00 

4.6 

.02 

46.00 

4.6 

.06 

M.OO 

4.6 

.08 

86.2 

4.6 

.026 

26.00 

4.2 

.08 

24.00 

4.4 

.06 

28.6 

4.2 

.12 

25.00 

4.4 

.08 

24.00 

4.2 

.02 

22.5 

4.8 

.02 

27.00 

4.2 

.01 

27.6 

4.4 

.04 

19.6 

4.2 

.076 

21.6 

4.0 

.02 

26.6 

4.5 

.06 

26. 

4.1 

.06 

23.00 

4.6 

.08 

27.00 

4.3 

.02 

24.0 

4.2 

.02 

24.00 

4.8 

.01 

28. 

4.6 

.025 

28.8 

4.1 

.02 

24. 

4.6 

.02 

82.6 

4.1 

.01 

28. 

8.9 

.08 

22.00 

4.4 

.02 

26.8 

4.2 

.02 

22.0 

5  7 

4.0 

.08 

24. 

In  considering  the  above  resoUs,  it  should  be  noted  that  in  sev- 
eral eases,  as  appears  from  the  tables,  the  machines  were  ran  either 
above  their  rated  capacity  or  below  their  rated  speed.  This  was 
especially  the  case  with  the  United  States  machine,  with  which  the 
rated  speed  was  reached  only  in  tlie  last  five  runs.  This  was  due 
in  some  instances  to  a  deficiency  of  power  and  in  others  was  pur- 
posely done  iu  order  to  demonstrate  to  students  the  effect  of  vary- 
ing these  conditions. 

Taking  the  records  as  a  whole,  they  plainly  show  the  high  degree 
of  perfection  which  has  been  reached  in  the  manufacture  of  sepa- 
rators, and  that  with  a  reasonable  degree  of  care  and  skill  in  oper- 
ation the  loss  of  fat  in  the  skim  milk  may  be  reduced  to  an  exceed- 
ingly small  quantity. 
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THE  MANURIAL  VALUE  OF  THE  EXCRETA  OP  MILCH  COWS. 


By  W.  S.  Swbbtser.* 


This  experiment  formed  a  part  of  a  much  more  extensive  one  the 
object  of  which  was  to  determiu<*  the  effect  of  food  upon  the 
amount  and  character  of  dairy  products.  The  object  of  this  part 
WHS  to  determine  what  proportion  of  each  fertilizing  element  finds 
its  way  into  each  of  the  materials  excreted  by  a  cow  in  full  milk. 
Milk  is  here  considered  as  one  of  the  excretions. 

There  were  two  cows  connected  with  this  branch  of  the  experi- 
ment, which  was  divided  into  five  periods  of  40  days  each.  During 
the  last  10  days  of  each  period,  the  cows  were  put  upon  digestion 
trials.  The  ration  of  the  cow  Cena  was  planned  to  be  the  same 
throughout  the  entire  experiment  and  to  consist  of 

15  ^bs.  mixed  hay, 

3  lbs.  cottonseed  meal, 

2  lbs.  linseed  meal, 

2  lbs.  corn  meal, 

1  lb.  buckwheat  middlings, 

with  a  nutritive  ratio  of  1:3.9  based  upon  average  composition 
rather  than  upon  actual  chemical  analysis. 
Laurie's  rations,  as  planned  for  each  period,  ran  as  follows: 


Period  I. 
Lbs. 

Period  II. 
Lbs. 

Period  in. 
Lbs. 

Period  rv. 
Lbs. 

Period  V. 
Lbs. 

Mixed  hay 

15 
8 

t 
i 

1 

15 

1 
1 
5 

1 

16 
M. 
M. 
7 

15 
1 
1 
6 

1 

16 

Cottonieed  meal,    

8 

Linseed  meal 

8 

Com  meal,    

% 

Buckwheat   middling,    .. 

1 

Nutritive   ratio 

1:8.9 

l:«.l 

1:8.7 

l:«.l 

1:8.» 

The  amounts  of  hay  actually  eaten  varied  somewhat  from  the 
above  figures.  Table  I  includes  the  weight  of  hay  and  grain  eaten, 
the  nutritive  ratio  of  each  cow's  ration  and  the  weights  of  feces, 
urine  and  milk  for  each  digestion  period.  The  mixed  hay  consisted 
of  about  equal  parts  of  clover  and  timothy. 


*Thls  investigation  was  made  by  Mr.  Sweetser  while  Assistant  Chemist  of  the  St^ticm. 
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Mixed 
hay. 
IAm. 


Mixed 
srain. 


Nutritive 
raUo. 


feoaa. 
Lba. 


Urine. 
Lbs. 


Period  I: 
Cena,    . 
Iiaurle, 

Period  II: 
Cena,    . 
Laurie, 

Period  III: 
Cena,  , 
Laurie, 

Period  IV: 
Cena. 
Laurie, 

Period  V: 
Cena, 
Laurie, 


160 
160 


80 
80 


1:8.1 
1:3.9 


406.6 
898.6 


804.8 
806.0 


160 

80 

1:8.9 

180 

80 

1:6.8 

167.6 

80 

1:4.0 

187.6 

80 

1:8.7 

170 

80 

1:4.0 

190 

80 

1:6.8 

180 

80 

1:4.1 

170 

80 

1:4.0 

467.8 
417.8 

878.7 
M6.7 

468.7 
496.8 

888.0 
878.6 

494.0 
481.6 

861.8 
80.1 

496.8 
446.6 

268.8 
888.8 

888.6 

r4.o 


886.8 
828.6 


816.8 
816.8 


804.8 
814.8 


198.4 
806.0 


Table  II  cod  tains  the  percentages  of  nitrogen,  phosphoric  acid  and 
potash  in  the  hay,  grain,  feces,  urine  and  milk.  The  phosphoric  acid 
and  potash  in  the  food  and  feces  were  determined  in  the  air-dried 
materials  and  calculated  to  the  fresh  substances.  The  nitrogen 
was  determined  in  the  air-dried  foods,  but  with  the  excreta  it  was 
determined  in  the  fresh  substance.  In  the  case  of  the  feces  the 
samples  for  analysis  were  taken  from  well-mixed  composite  samples 
preserved  with  carbon  bi-sulphid. 

The  milk  samples  of  period  I  were  destroyed  before  the  work  on 
this  part  of  the  experiment  was  undertaken.  In  computing  the 
weights  of  nitrogen,  phosphoric  acid  and  potash  for  this  period,  the 
weights  of  milk  were  multiplied  by  the  means  of  the  percentages 
for  the  other  four  periods. 
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Tables  m,  IV  and  V  show  the  amounts  of  nitrogen,  phosphoric 
acid  and  potash  respectively  which  were  eaten  by  each  cow  in  the 
hay  and  grain  and  excreted  in  the  feces,  urine  and  milk.  They  also 
show  what  proportions  of  each  of  these  three  fertilizing  elements 
passed  into  the  feces,  urine  and  milk  respectively. 

The  last  column  but  one  in  each  of  these  tables  shows  the  relation 
between  the  amounts  of  nitrogen,  phosphoric  acid  or  potash  digested 
and  the  amounts  excreted.  The  last  column  in  each  of  these  three 
tables  gives  the  ratio  between  the  amount  contained  in  the  urine 
and  that  contained  in  the  milk. 
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Tt  will  be  noticed  iu  Table  III,  that  with  the  cow  Cena  whose  ra- 
tion was  nearly  constant,  the  proportions  of  nitrogen  in  the  excre- 
tions were  comparatively  constant.  In  the  feces  the  proportions 
of  the  total  nitrogen  excreted  ranged  from  25.51  per  cent,  to  33.08 
per  cent.;  in  the  urine  from  52.27  per  cent,  to  57.53  per  cent.,  and 
in  the  milk  from  13.17  per  cent,  to  17.00  per  cent.  With  Laurie 
there  was  a  decided  change  in  the  percentage  distribution  which  fol- 
lowed the  change  in  the  nutritive  ratio  of  her  ration.  The  follow- 
ing figures  from  Table  III  show  the  changes  which  occurred  in 
the  percentage  distribution  of  the  nitrogen  during  the  five  periods: 

Nitrogen—  Cena  and  Laurie^ 


Period  I. 

Period  II. 

Period  HI. 

Period  IV. 

Period  V. 

Cena: 

NutrlUve  ratio,    

Feces 

1:3.9 
25.51 
67.49 
17.00 

1:8.9 
80.70 
58.92 

1:8.9 
29.30 
67.58 
18.17 

1:8.9 
88.08 
a.27 
14.65 

1:8.9 
28  74 

Urine,    

66.40 

Milk     

14.86 

Laurie: 

Nutritive  raUo 

Feces,    

1:3.9 
25.58 
57.09 
17.88 

1:6.3 
84.15 
45.83 
20.02 

1:8.7 
40.47 
40.47 
19.06 

1:6.8 
87.64 
42.50 
19.86 

1:4.0 
81.72 

Urine     

62  83 

Milk,    

16  96 

The  proportion  of  nitrogen  in  Laurie's  milk  was  fairly  constant, 
but  seems  to  show  a  slight  tendency  to  increase  as  the  nutritive 
ratio  widened.  She  drew  a  little  more  heavily  upon  the  nitrogen 
of  her  food  to  supply  the  demands  of  her  milk  secretion.  As  her 
nutritive  ratio  widened  the  proportion  of  nitrogen  excreted  in  the 
feces  increased,  and  a  corresponding  decrease  is  shown  in  the  urine. 
The  reverse  holds  true  as  the  nutritive  ratio  narrows  again.  This 
change  in  the  digestibility  of  the  protein  is  explained  by  the  fact 
that  a  greater  proportion  of  the  protein  was  contained  in  the  hay, 
with  the  wide  ratios,  and  such  protein  is  less  digestible  than  that 
in  the  grain  fed. 

Of  the  nitrogen  which  passed  into  the  circulation,  quite  a  constant 
percentage  passed  into  the  milk  in  the  case  of  Cena.  With  Laurie 
this  percentage  increased  as  the  nutritive  ratio  widened.  The  fol- 
lowing figures  show  what  percentage  of  the  resorbod  nitrogen  found 
its  way  into  the  milk  in  each  period: 
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Period  I. 


Period  n. 


Period  m. 


Period  IV. 


Period  V. 


Oena: 

Nutritive  ratio. 
Percentage,  . . . . 
Laurie: 

Nutritive  ratio. 
Percentage,    . . . . 


1:8.9 
22.8 


1:8.9 
23.8 


1:8.9 
22.8 


1:6.8 
80.4 


1:8.9 
22.9 


1:8.7 
82.0 


1:8.9 
21.9 


1:6.8 
81.9 


1:8.9 
20.9 


1:4.0 
28.4 


This  may  bt?  explained  in  part  by  taking  into  consideration  tne 
amounts  of  nitrogen  fed  and  digested  during  each  period  by  each 


cow. 


Nitrogen  Fed  and  Digested. 


Period  I. 

Period  n. 

Period  in. 

Period  IV. 

Period  V. 

Cena: 

Nitrogen  fed,   lbs 

Nitrogen  digested,  lbs... 

Nitrogen    digested,    per 

cent. ,     

7.282 
5.985 

74.49 

7.623 
5.988 

74.47 

7.336 

5.119 

69.80 

6.146 
8.767 

66.85 

7.684 
5.541 

70.70 

5.586 
8.880 

59.68 

7.220 
4.769 

66.92 

6.206 
8.502 

62.86 

6.690 
4.988 

71.26 

Laurie: 

Nitrogen  fed,  lbs 

Nitrogen  digested.  lbs... 

Nitrogen    digested,    per 

cent 

6.481 
4.498 

68.28 

With  Laurie  the  amounts  of  nitrogen  fed  and  digested  decreased 
very  materially  as  the  nntritive  ratio  widened  and  increased  again 
as  the  ratio  became  narrower.  Possibly  during  the  middle  periods 
the  animal  digested  an  amount  insufficient  to  supply  the  demands 
both  of  renewing  tissue  and  secreting  her  usual  quantity  of  milk, 
and  the  latter  demand  was  met  at  the  expense  of  the  former.  Had 
the  cow  digested  more  protein  the  results  might  have  been  quite 
different. 


Digitized  by 


Google 


334 


ANNUAL  REPORT  OP 


Off.  Doc. 


8 


I 

s 


III 

o  »^  2 


i 

6 


H 


si? 


§2 


8$ 


S3 


SS8 


s;8 


?2  t 


§g§3 


9S& 

8 

i 

th  d  o 

3 

3  =   •  :     3   •   •  :     3  •   •  :     3 


ii 


a 

m 

•§ 

QQ 


§S8 


§;  a  3§8 


sno 


.  a 
11 


3 


&S8 

m  ti}  O 


h  ..ah 

111 

n  n  o 


Digitized  by 


Google 


No.  21. 


THE  PENNSYLVANIA  STATE  COLLEGE. 


iS8 


ggs  § 


Sii  IS 


K  K  O 


Digitized  by 


Google 


336 


ANNUAL  REPORT  OP 


Off.  Doc 


3 


£-5 


S  ^  2 
So? 


8 


^ 


.g 
•«!* 


I 


s 


§55 


8^ 


§§S 


SS2 

i-i  O  O 


1 

8 

s 

s 
s 

s 

212 
SS3 

S8 

s 

1 



r^  O  O 

1 

I- 

1 

s 

S 

r^ 

f-i  ©  <J> 
1 

r4 

1 

i 

3 

4PS 


ill  ' 


o  64  tr  A  S 


^  ^  ■* 

M   04   N 


ISS 


s     §§ 


^ 

d  o  o 

^ 

e  d  •-■ 

§ 

II 


(tf  etf  S 
K  DQ  O 


e^  M  ?4 


K  n  o 


3 


5?S?2 
u  n  o 


I 


Digitized  by 


Google 


No.  21. 


TITK  FENNSYIA'ANIA  STATE  COLLEGE. 


337 


» «=>*  s 


2  g  o 
S  o  'V 

r4  O  O 


SSI    8 


.    .0        h 


i  CI   M 


Digitized  by 


Google 


338 


ANNUAL.  REPORT  OP 


Off.  Doo. 


^ 

« 


^ 


s 


. 

^8S 

s 

b^    1 

r:*53 

1 

> 

£<=>g 

1 

1 

ii 

8S2 

§ 

■§ 

r;do 

M 

9 

O 

04 

8SIS 

s 

p 

i 

«3o 

p*a 

1 

^ 

r-1              ^ 

i 

1 

1H   O  O 

•f* 

:| 

04 

£ 

.-^ 

^ss^ 

s 

^ 

^  -    g 

S-=Jgi 

§ 

^ 

»-  **  2 

t 

3 
■g 

■c 

if 

£o§ 

1 

4 

sg~s 

g 

«Vj 

Pk 

e 

1-4   O   O 

M 

0^ 

1 

£ 

e 

■S 

. 

SS8 

s 

Ill 

?:*=^a 

§ 

• 

M 

l^i 

i' 

o 

^ 

S~iS 

s 

/»C« 

1-4  0  0 

o4 

a, 

1^ 

h 

•-C 

N^l 

^ 

SgSS 

s 

•  <> 

1 

111 

p-a 

§ 

1 

P4           « 

a 

~  sis' 

s 

C 

•^  ©  o 

M 

9 

O 

-        — 

Pk 

- 

-.- 

^- 

«  *    *.      H 

I  O  Jj 

(> 

t 

S 

1 

i 


I 


• 

898 

s 

c3l 

&'='« 

§ 

\i^  s 

>■■ 

pJoS 

1 

1 

§ 

•-too 

04 

8 

^«a 

s!:*=»a 

§ 

> 

«  ^    S 

M 

04  o  g 

9 

2 

1 

1-4  d  o 

! 

P5P 

s 

III 

I5«»8 

§ 

B 

1 

4 

lis 

8 

a 

9 

III 

2^8 

9 

a 

?'='8 

§ 

1 

g§9 

r 

1 

rl  O  O 

T-l 

i! 

gss 

s 

is  5 

?*8 

^ 

822 

1 

l»8 

. 

§§S 

1 

H4 

5 

iH  o  e 

M 

9 

O 

04 

3 

o 

«-«  .  t" 

gajS 

1 

US 

1 

Digitized  by 


Google 


No.  21. 


THE  PENNSYLVANIA  STATE  COLLEaBL 


'Si\i 


^ 


^ 


I 

& 


d 
1 


I 


■4 
I 


!«i 


4 


88$ 

82®  a 


SiS 


ggs 


SSi 


S8S 


8§S 


SS8 


132 


32—21—1900 


Digitized  by 


Google 


340 


ANNUAL.  REPORT  OP 


Off.  Doc. 


The  amount  of  phosphoric  acid  which  passed  into  the  urine  was 
almost  insignificant  all  through  the  experiment,  so  that  practically 
all  which  passed  into  the  blood  circulation  passed  into  the  milk  or 
was  retained  in  the  body,  and  this  held  true  throughout  the  five 
periods  although  the  milk  flow  fell  off  about  one-fourth.  It  would 
be  interesting  to  know  what  would  have  been  the  case  had  the  ex- 
periment continued  to  the  close  of  the  lactation  periods.  The  follow- 
ing figures,  if  we  except  Period  V  of  Laurie,  show  that  here  was  a 
tendency  for  both  cows  to  digest  a  higher  percentage  of  the  phos- 
phoric acid  as  the  amount  in  the  food  diminished: 


Phosphoric  Acid  Fed  and  Digested, 


_j — __ 1- — '    '■B-'- — . — .i-i.'sa ; —  1  a     \ 

Period 
I. 

Period 
II. 

Period     Period 
III.     1      IV. 

Period 
V. 

Cena: 

phosDhorio  &cid  In  food    Dounds     

2.273 

2.884 

ft  i94    '         S  RJt7               S.iSfi 

Phosphoric  acid  digested,   per  cent..   

Laurie: 

Phosphoric  add  In  food,  pounds.   

Phosphoric  add  digested,  per  cent 

27.47 

2.383 
25.93 

26.04          21.05          20.07    {        22.58 

1.977          1.627          1.916            2.285 
25.96          82.22          25.83            20.75 
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In  table  V  no  relation  ie  traced  between  the  amount  of  potash 
fed  and  that  digested.  The  one  thing  very  noticeable  is  the  large 
amount  which  passed  from  the  food  into  the  circulation  and  thence 
into  the  urine.  These  amounts  ranged  from  67.82  per  cent,  of  the 
total  amount  excreted  in  Laurie's  period  n,  to  77.71  per  cent,  in 
Cena's  period  V. 

Table  VI  presents  the  combined  weights  of  the  nitrogen,  phos- 
phoric acid  and  potash  respectively  of  the  five  periods  for  each  cow, 
together  with  their  percentage  distribution.  Roughly  speaking,  the 
feces  contained  one-third  of  the  nitrogen  and  three-fourths  of  the 
phosphoric  acid  excreted,  while  the  urine  contained  one-half  of  the 
nitrogen  and  three-fourths  of  the  potash. 


2 able  VI. — Nitrogefri^  Phosphoric  Acid  cmd  Potash. 

live  Periods^  60   Days. —  Weights   and   Percentage    Distribution — 

Cena. 


Nltroffen. 

*  Phosphoric  Acid. 

Potash. 

1 

Per  cent. 
Pounds,      of  total 
excretion. 

1 

;  Per  cent. 
Pounds.     '  of  total 
excretion. 

Pounds. 

Per  cent, 

of  total 

excretion. 

Feces 

10.96 
20.78 

29.40 

8.60             76.71 
0.15               1.84 
2.46             21.96 

8.60 
19.16 
2.28 

14.88 

Urine,    

76.61 

Milk 

6.60              15.02 

9.11 

Total 

87.29            100.00 

U.2t           100.00 

36.04             lOO.m 

live  Periods^  50  Days — Laurie. 


Nitrogen. 

Phosphoric  Acid. 

Potash. 

Pounds. 

Per  cent. 

of  total 

excretion. 

Pounds. 

Per  cent, 
of  total 
excretion. 

1 

Pounds. 

Per  cent. 

of  total 

excretion. 

Peces, 

10.60 
15.84 
81.68 

88.20 
48.49 
100.00 

6.85 
0.14 
9.24 

74.13 

1.62 

100.00 

8.64              17.00 

Urine 

15.08 
20.82 

72.19 

Milk,    . 

100.00 

tal 

To 

81.68 

100.00 

9.24 

100.00 

20.82 

100.00 
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i              Nltroffen.               Phosphortc  Add. 

1 

Potash. 

j                   ■ 

1                     Per  cent. 
PoundB.      of  total    I  Pounds. 
'  excretion. 

I                ! 
1 

Per  cent, 
of  total 
excretion. 

Pounds. 

Percent. 

of  total 

excretion. 

1                                1 

Feoea      21.4»             81.U  ,           16.46 

76.65 
1.42 
28.08 

7.14 

IK  KB 

Urine     86.07             62.88              0.» 

84.19  1            74.66 

MUk      11.89             16.68  )            4.71 

4.6S  '              9.86 

Total      68.93            100.00  1           20.46 

100.00 

16  88             ifM.m 

2 able  VIL — Value  of  Nitroge^i  in  Different  Excretions. 


Period 

L 


Period 

n. 


Period   I     Period 
ni.      I       IV. 


Petiod 
V. 


Total. 


Oena: 

Feces '  10.244 

Urine ^650 

Milk I  .163 

Total '  .956 

Laurie: 

Feces 

Urine 

Milk 

Total. 

Cena  and  Laurie: 

Feces 

Urine, 

Milk 

Total , 


10.273 
.478 
.186 


10.276 
.641 
.124  I 


10.282  '         $0,241 
.446  .478 

.126  ,  .125 


.887 


.941  I 


.863 


.839 


$1.82 
2.49 
0.67 


4.48 


.246 

.m 

.276  1 

.264 

.261 

1.26 

.661 

.SM 

.276  1 

.286 

.414 

1.84 

.168 

.m 

.180  ' 

.184 

.126 

.70 

.966 

.685 

.682  1 

.674 

.791 

8.80 

.490 

.607 

1 
.662  1 

.586 

.492 

2.68 

1.101 

.792 

.817  1 

.782  1 

.887 

4.83 

.831 

.273 

.264  , 

.269 

.261 

i.r 

1.922 

1.672 

1.623  1 

1.627 

1 

1.680 

8.28 
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2 able  VI IL —  Value  of  PhospJioric  Acid  in  Different  Excretions, 


Period 
I. 

Period 

n. 

Period 
III.- 

Period 
IV. 

Period 
V. 

Total. 

Cena: 

Feces 

$0,070 
.004 
.028 

10.063 
.001 
.021 

$0,070 
.001 
.018 

$0,077 
.000 
.019 

$0,063 
.001 
.018 

$0,848 

Urine     , 

.007 

Milk      

.069 

Total      

.097 

.085 

.089 

.096 

.082 

.449 

Laurie: 

Feces 

.065 
.001 
.022 

.061 
.000 
.017 

.044 
.004 
.017 

.050 
.000 
.017 

.064 
.000 
.016 

.274 

Urine     

.006 

MUk  '  : 

.089 

Total     

.088 

.068 

.065 

.067 

.080 

.868 

Cena  and  Laurie: 

Feces,    

.185 
.005 
.045 

.114 
.001 
.088 

.114 

.005 
.035 

.127 
.001 
.036 

.127 
.001 
.034 

.617 

Urine, 

.012 

MUk 

.188 

Total      

.185 

.163 

.154 

.164 

.l(f2 

.817 

Table  IX. —  Valiie  of  Potash  in  different  Excretions. 


Total, 


Laurie: 


Feces,    

.082 
.158 
.027 

.039 
.130 
.023 

.032 

Urine     

.146 

MUk     

.020 

' 

Total 

217 

.192 

.198 

Cena  and  Laurie: 

Feces, 

.066 
.366 
.066 

.076 
.826 
.047 

.062 

Urine     

.317 

Milk 

.040 

Total,    

.487 

.449 

.419 

034 
182 

022 


.188 


.040 
.186 
.021 


.247 


Total. 


.177 
.762 
.113 


1.042 


1 

.069 
.294 
.048  1 

.085 
.408 
.040 

.858 

1.710 
.226 

.406! 

.« 

2.294 
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lable  X — lotal  Manural  Vakce  of  D  if  event  Excretions. 


Period 
L 

1 

Period  1 

n. 

Period 

Period 
IV. 

Period 
V. 

1  Percent 
TotaL       of  totaL 
TElne. 

1 

Oena: 

Fece« 

....          10.848 

i 
$0,878 
.675 
.181  1 

$0,876 
.718 
.168 

10.894 
.606 

166 

.168 

1 
1 
$1,840              89.88 

Urine 

....              .761 

8.468              66.86 

Milk 

.815 

.886              14.88 

ToUl.    .. 

lAurie: 

Feces 

Urine 

Milk 

Total,     .. 

Cena  and  Laurie: 

Feces 

Urine 

Milk 

ToUl,     .. 


1.824   1 

1.289 

1 

.884 
.444 

.177  1 

1.261 

.862 
.486 

.167 

1.167 

1.807  1 

6.178 

100.00 

1 
.848 

.710  1 
.817   1 

.888 

.418 
.178 

1 
.856  1 

.600 
.168 

1.718 
8.686 

.897 

88.88 

49.89 
17.88 

1.870  ' 

.946 

.946 

.929 

1.118 

6.807 

100.00 

.691  1 

1.471   , 

.488  1 

.697 
.  1.119 
.868  ! 

.728 

1.189 

.829 

.738 

1.026 

.888 

.704 

1.896 

.886 

8.668 

6.061  , 

1.782  ' 

81.80 
68.16 
16.66 

2.694 

2.174  j 

8.196 

2.096 

8.885 

U.«| 

100.00 

Tables  VII,  Vm,  IX  and  X  give  the  values  of  the  fertilizing  in- 
gredients, estimating  nitrogen  at  12  cents,  phosphoric  acid  at  4 
cents,  and  potash  at  5  cents  per  pound.  It  is  almost  surprising  to 
note  how  large  a  percentage  of  the  manorial  value,  as  given  in  the 
last  column  of  table  X,  passed  into  the  urine.  It  is  not  probable 
that  these  results  are  at  all  exceptional  when  it  is  noted  that  both 
cows  all  through  the  five  i)eriods  (and  in  the  ration  of  one  cow  a 
radical  change  was  made  for  each  period),  gave  practically  the  same 
result  for  each  period.  The  urine  contained  almost  none  of  the 
phosphoric  acid  but  more  than  one-half  of  the  nitrogen  and  thrfee- 
fourths  of  the  potash,  the  two  most  expensive  of  the  manurial  ele- 
ments. If  this  is  universally  the  case,  how  important  is  it  that 
it  should  be  considered  by  stockmen.  Throwing  the  milk  out  of 
consideration,  the  urine  contained  63  per  cent,  of  the  manurial  value 
of  the  excretions.  If  it  is  allowed  to  run  to  waste  as  it  too  often 
does  in  large  quantities,  and  as  it  must  in  many  cases  unless  some 
effort  is  made  toward  its  retention,  a  very  great  proportion  of  the 
plant  food  is  lost.  Undoubtedly  the  disregard  for  the  value  of  the 
liquid  manure  has  been  a  large  factor  in  the  "running  down''  of  our 
older  farms  of  the  east.  A  great  many  of  these  farms  are  hungry 
for  potash  when  in  former  years  they  possessed  it  in  abundance. 
Potash  is  not  easily  washed  from  the  soil.  Where,  then,  has  it 
gone?  The  high  potash  content  of  the  urine  of  cattle,  together  with 
an  utter  disregard  of  its  value  is  one  answer  to  the  above  question. 
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Whenever  we  see  a  brown  liquor  coming  from  the  barnyard  and 
running  along  the  roadside,  and  too  often  making  the  thoroughfare 
itself  a  slough  of  filth,  it  should  mean  to  us  so  many  dollars  and  cents 
running  to  waste  in  the  form  of  nitrogen  and  potash. 

On  the  other  hand  this  experiment  illustrates  the  economy  of 
stock-raising  for  various  lines  of  production.  Probably  there  is 
no  branch  of  animal  industry  so  exhaustive  to  the  land  as  the  pro- 
duction and  sale  of  milk.  Yet  from  the  figures  already  produced 
only  about  17  per  cent,  of  the  nitrogen,  23  per  cent,  of  the  phosphoric 
acid  and  10  per  cent,  of  the  potash,  or  15.65  per  cent,  of  the  manurial 
value  of  the  feed  was  contained  in  the  milk.  The  balance  of  the 
plant  food  under  proper  management  would  find  its  way  back  to 
the  fields.  If  butter  were  made  and  the  skim  milk  fed  to  hogs  and 
calves,  practically  all  of  the  fertilizing  elements  would  be  returned 
to  the  land. 
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SMALL  FRUITS  IN  1900. 


By  J.    P.  PiLLSBURT. 


STRAWBERRIBS. 

This  is  the  most  popular,  and  deservedly  so,  of  all  small  fruits.  It 
is  not  so  easy  of  cultivation,  but  is  more  profitable  than  any  other. 
Given  a  fairly  rich  soil  and  plenty  of  water,  and  with  shallow  but 
thorough  cultivation,  one  can  grow  it  to  perfection.  But  with 
strawberries  as  with  any  other  crop,  strict  attention  to  business  is 
the  only  way  to  success. 

In  planting  it  is  best  to  select  but  three  or  four  varieties,  which, 
having  successfully  stood  the  tests  of  several  years,  are  known  to  be 
of  merit,  and  whose  seasons  of  fruiting  range  from  early  to  late. 
The  Station  has  been  investigating  the  merit  of  new  varieties  by 
testing  them  for  a  number  of  years.  In  all  there  were  seventy-six 
varieties  under  cultivation  here  this  year,  but  as  a  new  bed  was 
planted  this  spring  and  it  required  all  of  the  plants  of  some  of  the 
later  varieties  received  to  fill  up  the  space  allotted  to  them,  it  is 
impossible  to  make  any  report  upon  all  of  them  at  present.  A  num- 
ber of  varieties  which  have  been  reported  upon  were  left  out  of  the 
new  bed  on  account  of  successive  poor  yields,  small  berries  and 
other  reasons.    They  are  as  follows: 

Bubach.  Darling.  Luther. 

Champion.  Hay's  Prolific.  Maida  No.  11860. 

Charles  Downing.         Hull's  No.  3.  Monarch. 

Cumberland.  H.  W.  Beecher.  Mt.  Vernon. 

Wilson's  Albany. 

Several  of  the  above  varieties  have  been  grown  here  for  at  least 
eight  years,  and  for  the  last  two  or  three  have  been  getting  weaker 
and  weaker,  producing  smaller  crops  of  much  smaller  berries  than 
they  ought,  in  spite  of  all  that  could  be  done  with  them.  They  seem 
to  have  "run  out."  It  is  expected  that  they  will  be  replaced  by 
new  stock  in  the  future,  as  they  were  useful  as  standards  by  which 
to  judge  newer  varieties. 

As  good  yields  were  expected  for  this  season,  it  was  very  disap- 
pointing to  find  the  totals,  which  will  be  found  in  the  following 
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tables,  BO  low.  Severe  frosts  and  freezing  weather  which  occurred 
soon  after  the  flowering  season  opened,  and  which  injured  the  tree 
fruits  to  a  greater  or  less  extent,  and  also  the  fact  that  the  fruiting 
season  of  some  Varieties  extended  into  the  dry  weather  which  oc- 
curred during  the  early  part  of  July,  stand  as  the  probable  ex- 
planation. 

DESCRIPTION  OP  THE  TRIAU 

Each  variety  was  cultivated  both  in  hills  and  matted  rows.  The 
rows  are  three  and  one-half  feet  apart  in  the  Station  plot,  and  a 
row  thirty  feet  in  length  occupies  105  square  feet  of  ground  or  one- 
four  hundred  and  fifteenth  of  an  acre.  As  a  rule,  from  one  to  two 
hundred  bushels  per  acre  is  considered  a  good  crop.  One  quart  of 
berries,  on  an  average,  weighs  500  grams,  so  that  a  yield  of  4,000 
grams  would  be  equivalent  to  8  quarts.  By  multiplying  this  number 
by  415  the  yield  for  an  acre  is  estimated  at  3,320  quarts  or  about  100 
bushels.  Thus  a  yield  of  6,000  grams  would  mean  at  the  rate  of  150 
bushels,  and  one  of  8,000  grams,  200  bushels  per  acre.  Of  course 
some  berries  are  quite  solid,  some  are  very  light,  and  others  are  of 
such  a  shape  that  they  can  not  be  packed  closely  enough  to  weigh 
quite  so  much,  but  the  weight  of  a  quart  ranges  from  475  grams 
to  525  grams  while  a  few  run  even  as  high  as  550  grams. 

In  the  following  tables  there  are  38  varieties  which  have  been 
grown  for  four  years  and  whose  average  yield  for  that  length  of 
time  is  over  -1,000  grams:  One  for  three  years;  two  for  two  years, 
and  two  for  one  year.  The  largest  yield  for  a  single  season,  re- 
corded in  the  last  four  years,  excepting  1898,  (during  which  year  this 
crop  was  a  failure),  was  that  of  Mary  in  1807,  which  was  12,595 
.  grams.  This  means  something  over  300  bushels  per  acre  or  25 
quarts  to  evf*ry  30  feet  of  row. 
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From  these  tables  it  will  be  seen  that  the  fruiting  period  extended 
from  June  4  to  July  9,  or  5  weeka  The  earliest  varieties  wereMeek's 
Early  and  Ella,  and  the  latest  variety  was  Hunn.  The  five  best 
varieties  in  point  of  yield  in  the  matted  row  were  Brandywine,  War- 
field^  Crawford,  Ohio  Centennial  and  See  No.  5. 

The  five  best  varieties  in  point  of  yield  in  hills  were  Crawford, 
See  No,  5,  Brandywine,  Crescent  and  Dayton,  in  the  order  named. 

The  five  best  varieties  in  point  of  average  eized  berries  by  the 
matted  row  system  were  Ohio  Centennial,  Biehl's  No.  25,  Brandy- 
wine, Eureka,  Champion,  Parker  Earle,  Ohio  Centennial  and  Mary. 

The  eompaiison  of  the  two  systems  of  culture  in  regard  to  their 
value  in  producing  berries  of  large  size  has  been  continued  as  is 
seen  in  the  above  tables.  The  results  this  year  seem  to  show  a 
decided  increase  in  favor  of  the  mat.  In  the  case  of  nineteen  of 
the  varieties  grown  by  both  systeois,  there  was  a  difference  varying 
from  .05  grams  to  2.70  grams  in  favor  of  the  hill  system.  In  the  case 
of  the  remaining  thirty-five  varieties  the  difference  was  much  greater 
and  varied  from  .01  gram  to  3.65  grams. 

The  following  tables  give  the  average  yield  of  all  varieties  having 
fruited  for  two  or  more  years  in  the  matted  row  and  hills.  By  tak- 
ing a  general  glance  at  them,  it  will  be  seen  that  the  average  yield 
of  each  in  the  matted  row  is  about  3,000  grams  greater  than  the 
same  variety  in  hills.  Consequently  as  both  occupy  the  same  num- 
ber of  square  feet,  the  difference  in  the  size  of  the  berry  would  have 
to  be  very  decided  indeed  to  make  up  for  the  loss  of  the  80  bushels 
of  ordinary  sized  fruit  which  the  3,000  grams  above  mentioned  repre- 
sents. It  would  seem  that  the  hill  system  might  be  well  adapted  to 
a  small  place  while  utterly  unsuitable  for  a  large  one. 
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Average  Yield  of  Varieties  in  H'dls^  for  Iwo^  Three  or  tour  Yewrs; 
20  HUls  Equals  30  Feet  of  Bow;  Weight  m  Grama. 


Nam*. 


18M. 


1897. 


vm. 


IMO. 


Aver- 


No. 
of 


yield,     yn. 


n. 

2. 
S. 
4. 
6. 
6. 
7. 
8. 

10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
18. 
10. 
8L 
28. 
28. 
24. 
26. 
28. 

r. 

28. 
28. 
80. 
8L 
82. 
83. 
84. 
86. 
86. 
87. 
88. 
89. 
40. 
41. 
42. 
48. 
44. 
46. 
48. 
47. 
48. 
49. 
60. 
SL 
62. 
68. 
64. 
66. 


Warfleld,    

Henderson,   

Crawford,    

Creeoent 

Haverland,     

Greenville,    

Parker  Earle,    .... 

Brandywlne,    

See  No.  5 

See  No.  2 

Van  Deman 

Boynton 

Shuflter's   Gem,    .. 

Harrison,    

Dayton 

Townsend,    

Ella 

Eureka 

Enhance 

See  No.  4 

West  Lawn 

Michel's  Early,  ... 

See  No.  8 

Luther,    

B.  P.  Roe 

Wilson 

Mt.  Joy 

Ohio  CenUnnial,    . 

Beebe 

Bubach,    

Famsworth,    

Stevens 

Gov.   Hoard 

Banquet,    

Mt.   Vernon,    

Gandy 

Kentucky,    

Monarch 

Smeltxer's  Early, 

Nan 

.Champion 

Cumberland,    

Adam's.  Favorite, 
Maida  No.  11860,  .. 
Chas  Downing,   ... 
H.  W.  Beecher,   .. 

Carrie 

Leader 

Hay's  Prolific 

Meek's  £Uu*ly,    .... 

Mary 

Perkins  No.  1 

Margaret 

Iowa  Beauty,   

Quality 


6.940 
4.676 
2,980 
8,286 

6,640 
6,466 
6.180 
2.080 


8.530 
8.610 
4,465 
8.586 


2,110 
8,146 


2.662 
2.786 


1.440 
1.616 


2.445 
2.226 
4.280 
2.642 
1.506 
2.896 
1.286 
2.880 
760 
8.600 
2.440 
2.266 
1.900 
2,110 
1.247 
1.286 
2.695 


2.806 


1,626 
686 


1.270 


706 


7.400 
7.670 
6.996 
6.680 
6.080 
6.250 
4.096 
4,240 


6.270 
8.746 
6.280. 
5,596 


8.836 

8.296 


8,720 
8,270 


4.006 
4.660 


6.046 
2,810 
4.796 
4.040 
2,980 
2,790 
4.670 
6.185 
8.156 
2.616 
8.615 
2.966 
2,866 
8.006 
8.880 
8.110 
8.776 


2.440 


2.246 
1,280 


2.866 
1.675  I 


7.496 
4,836 
6.285 
4.645 
4,060 
8,265 
8.886 
6.996 
8.440 
4.606 
6,106 
2,400 
8.936 
4.400 
8.896 
8.966 
4.210 
8.106 
8.920 
8.766 
8,886 


2.480 
1.080 
8.210 

567 
1,110 
8,186 
8.000 
1.810 

645 
2.736 
1.380 
1.896 
1,180 
1.490 
1.116 
1.070 
1.168 

685 
2,160 

900 
2.616 
1,115 

895 
2.016 
2.850 

960 
1.215 
1.240 

709 
1.085 

726 

1,010 

86 


4,858 

4,767 
6.111 
6.220 
8,600 
4.174 
4.640 
6.868 
6.866 
4,028 
8.753 
4,940 
8.844 
8,085 
4.984 
8,693 
2,828 
8,828 

s.rs 

2,100 
8,314 


8,780 
2.970 
8,364 
1.388 
8,017 
2,747 
2,150 
2,568 
1,143 
2.920 
1.6a 
1,710 
8.632 
2,800 
2.260 
2.666 
2,700 
967 
1,860 
2,280 
1,853 
2,672 
2.700 
8.488 
1.081 
1,660 
1.817 
2.140 
1.700 
1.188 
1,120 
600 
700 


6,422 
6.484 
6,098 
4.933 
4.788 
6,686 
4,418 
4.407 
4.408 
4,833 
4.303 
4.256 
4.227 
8.743 
8.584 
8.525 
8.516 
8.329 
8.812 
8.283 
8.186 
8.188 
8.130 
3,123 
2,902 
2.786 
2.702 
2.604 
2.584 
2.582 
8.488 
2.892 
2.297 
2,280 
2,261 
2.189 
2.120 
2.068 
2.061 
2.018 
2.010 
1.984 
1,984 
1.844 
1.8ti 
1.841 
1.691 
1.636 
1.616 
1,416 
1.246 
1.087 
923 
806 
896 


^Numbers  refer  to  position  of  varieties  in  this  table  only. 
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Average  Yield  of  Varieties  in  ^^ Matted  Row^'^  for  Two^  Three  or  Four 
Years;  Bows  30  leet  in  Length;  Weight  in  Grams. 


Name. 


18M. 


vm. 


Aver-  I  No. 

•ce      I   of 
yield.     TTS. 


•1. 
2. 
S. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
U. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
M. 
SL 
22. 
28. 
24. 
26. 
26. 
27. 
28. 
29. 
80. 
81. 
82. 
88. 
84. 
85. 
86. 

r. 

88. 

89. 
40. 
41. 
42. 
4^ 
44. 
46. 
46. 
47. 
48. 
49. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
6T. 
68. 
69. 
60. 
61. 


Warfleld , 

Crawford,    

Henderson 

Mary 

Bhueter's  Gem,   .. 

Haverland, 

Brandy  wine 

See  No.  2,   

Parker  Earle,    .... 

Towneend,    

Enhance , 

Crescent,    

Michel's  Early,   .. 

See  No.  4^  

Bubach 

Mt.  Joy 

Ohio  Centennial. 

Boynton 

Monarch 

West  Lawn 

Eureka 

See  No.   6 

Greenville 

Van  Deman.   

Luther 

Mt.   Vernon 

Leader,    

Banquet,    

Iowa  Beauty 

B.  P.  Roe 

Dayton,    

Famswprth 

Henderson  No.  12. 

See  No.  8 

Stevens 

Cumberland 

Gov.    Hoard 

Adam's  Favorite. 
Smeltxer's  Early. 
Perkin's  No.  1,   .. 

Gandy 

Ernest,    

Beebe 

Wilson,    

Ella 

Kentucky,     

Harrison 

H.  W.  Beecher.  . 
Maida  No.  11860,   . 

Champion 

Nan 

Margaret,    

Bryant , 

Chas.   Downing.    . 

Sample.    

Hay's  Proline,  .. 
Meek's  Early.    ... 

Carrie , 

Darllnir 

Hull's  No.  8,    

Quality,    


7.405 
10.476 
6.928 
9.662 
8.816 
7.060 
2,760 
6.420 
8.687 
7.256 
6.466 
4,486 
4.420 
4.941 
9.956 
6.»06 
2,880 
6.085 
9.266 
6.940 
8.840 
2.790 
6.870 
2.726 
6.600 
8.025 
8.540 
6.975 
6,100 
4.176 
8.585 
8.028 


2.196 
4.746 
6,810 
4.652 


4.255 
2.424 
2.960 


8.726 
8.185 


8.837 
1.750 


1.910 
8.245 


1.840 
666 


10.7S0 
9.140 

10.620 

U.595 
8,420 
7.896 
7.806 
7.740 
9.095 
8.015 
8.040 

10.570 
7.965 
8.561 
8.016 
8.615 
8.776 

10.266 
7.860 
9.846 
7.860 
8,760 
7.646 
7,400 
9.826 
8.676 
8.040 
8.870 
8.860 
6.686 
6.880 
8.910 


8.678 
6.786 
7.276 
6.585 
7.618 
6.436 
9.060 
5.510 


8.426 
8.640 


4.165 


4.806 
8.951 
4.185 
6.875 
8.880 


8.225 


2.403 

2.155 

810 


2.822 
1.825 


•Numbers  refer  to  position  of  varieties  In  this  table  only. 


11.666 

7.850 

9.820           4 

7,706 

7.090 

8.608           4 

7,196 

6.670 

7.578           4 

8,876 

8.681 

7.808           4 

5,890 

6.866 

7.228           4 

6,570 

6.480 

7.001           4 

8.960 

8,486 

7.000           4 

7.946 

6.600 

6.901            4 

4,296 

4,490 

6.629           4 

6,890 

4.096 

6.489            4 

6,265 

4.890 

6.290            4 

6,690 

8.828 

6.242           4 

6.193            2 
6.119            « 

6.640 

4,880 

820 

6.526 

6,079            i 

8.190 

6.466 

6.044            4 

6.886 

6,045 

6.084            4 

8.675 

6.186 

6.015           4 

1.970 

6.040 

6,909           4 

2.896 

4.646 

6.881           4 

4,010 

4,060 

6.816            4 

6.010 

6.680 

6,778           4 

8.166 

6.270 

6.788           4 

7,210 

6.186 

6.688           4 

2.646 

4.419 

6.597           4 

9,090 

4.686 

6.644           4 

1,770 

8.814 

6.416           4 

2.980 

2.970 

6.824  V         4 

2.786 

2.000 

6.296           4 

6.810 

4.680 

6.176           4 

6.685 

6.650 

6.188           4 

8,086 

1.642 

4.866            4 

8.496 

6.906 

4.700           8 

4.486 

8,058 

4.604           4 

2.970 

4.740 

4.648            4 

1.666 

2.772 

4.866            4 

2.900 

8.710 

4.212           4 

8.«70 

1.270 

4.186           8 

8.190 

8.770 

4.168           4 

2.080 

2.790 

4.066           4 

8.630 

4.170 

4.068           4 

8,025 

8.686 

8.856           8 

8.140 

2.956 

.8.886           4 

1,016 

2.718 

8.802           4 

4,250 

2.120 

8.186           2 

2,675 

2.606 

8.168            4 

8,480 

2.786 

8.106           2 

2.000 

2.926 

2.870           4 

2.200 

2.806 

2.819           8 

1.976 

2.470 

2.677           8 

1.216 

2.188 

2.672           4 

1.680 

8.321 

2.619           4 

4.110 

2.666 

2.488            2 

1.680 

8.646 

2.448           4 

1.920 

2.657 

2.288           2 

1,600 

2,781 

1.928           8 

1.802 

2.756 

1.842            4 

8.900 

1.836 

1.682            8 

796 

2.496 

1.646            2 

1.000 

1.461 

1,691            8 

400 

1.202 

1.142           8 
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NOTES  ON  VARIETIES. 

In  the  following  list  more  particular  mention  is  made  of  some  of 
the  best  varieties  grown  here  and  also  of  the  newer  varieties  sent 
here  for  trial  and  report. 

Adami  Favorite. ^ — Received  fropi  Solomon  Adams,  Tamaqua, 
Schuylkill  county,  Pa.,  in  the  spring  of  1896.  In  growth  it  is  quite 
vigorous,  forming  a  mat  very  freely  and  quickly.  Flowers  jHstil- 
late;  berry  red,  conical,  blunt  at  the  apex,  flesh  firm  and  acid.  The 
yield  for  this  season  was  quite  poor,  while  the  average  size  of  the 
berries  was  some  better  than  heretofore. 

Brandy  wine.— ^ent  here  for  trial  in  1893  by  Edward  T.  Ingram, 
West  Chester,  Pa.  Bisexual.  Berries  of  large  size,  fine  color,  shape 
and  flavor,  and  solid.  In  the  average  yield  tables  above,  it  will  be 
found  to  rank  seventh  and  eighth  respectively  for  the  matted  row 
and  hill  systems.  One  of  the  best  late  to  very  late  varieties  grown 
here  and  of  value  as  a  market  variety. 

Bi^ant.  -Received  from  Birdseye  &  Son,  Hopewell,  New  York,  in 
the  spring  of  1898.  Flowers  perfect,  berry  blunt,  conical,  dark  red, 
many  seeded,  and  solid.  The  average  size  is  large  but  the  yield 
has  been  poor,  averaging  for  the  two  years  it  has  been  tried  here, 
but  2,483  grams,  or  about  60  bushels  per  acre.  Grown  in  matted  row 
only  so  far. 

Ca7r^^. —Received  from  Thompson's  Sons,  Rio  Vista,  Va.,  in  1897. 
Flowers  pistillate,  berry  bright  red,  long,  conical,  with  a  smooth 
neck  under  the  calyx,  and  inclined  to  be  irregular.  The  average 
size  was  good,  while  the  yield  was  very  poor  this  year,  it  being  at  a 
rate  of  less  than  50  bushels  to  the  acre  by  the  hill  system,  and  a 
trifle  smaller  by  the  matted  row. 

Cliampion. — Received  in  1895  from  David  Strouse,  Royersford,  Pa., 
Flowers  pistillate,  foliage  large  and  vigorous,  berri'^s  large  to  very 
large,  conical,  irregular,  being  ribbed  longitudinally,  soft,  bright 
red  in  color,  seeds  deeply  set.  Flavor  sub-acid.  The  average  yield 
is  at  the  rate  of  very  little  over  65  bushels  per  acre. 

Crawford. — -A  very  good  variety  having  perfect  flowers.  Growth 
very  vigorous,  matting  quite  freely.  It  has  been  grown  here  for  the 
last  six  years  at  least.  The  average  yield  for  the  last  four  being 
8,603  grams  for  the  matted  row  and  5,093  grams  for  the  hill  system. 
Berries  medium  in  size. 

Darling. — Received  from  Thompson's  Sons,  Rio  Vista,  Va.,  in  1897. 
This  is  a  perfect  flowered  variety.  Berry  round,  conical,  bright  red, 
seeds  few  and  deeply  set,  soft  and  very  small.  It  has  been  grown 
entirely  in  the  matted  row  and  shows  an  average  yield  of  only  1,645 
grams  or  at  the  rate  of  about  40  bushels  per  acre.  Mats  with  little 
freedom  and  only  moderately  vigorous.    Will  be  discarded. 
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Ella. — Keceived  from  0.  D.  Sehock,  Hamburg^  Pa,,  in  1896.  A  bi- 
sexual flowered  variety  of  extreme  eariiness,  rivaling  Meek's  Early 
in  this  particular,  but  much  better  in  yield  and  length  of  fruiting 
season.  The  leaves  are  of  medium  size  and  borne  on  long  stems. 
The  berry  is  conical,  regular,  bright  red  in  color,  solid,  and  has  a 
good  flavor.  Seeds  few  and  deeply  set.  The  average  size  is  good 
and  a  trifle  better  than  Meek's  Early,  while  in  yield  it  is  much  better, 
the  aveiage  in  hills  being  3,516  grams  or  at  the  rate  of  90  bushels 
per  acre.  That  for  Meek's  Early  was  but  1,415  grams.  In  the 
matted  row  it  yielded  an  average  of  3,185  grams  while  Meek'e  Early 
had  but  1,842  grams  to  its  credit. 

Earnest, — Keceived  from  Robert  E.  Bodgers,  Snyder  Creek,  Ven- 
ango county,  Pa.,  in  1898.  A  midseason,  pistillate  variety  which  is 
quite  vigorous,  mats  with  great  freedom  and  has  been  little  af- 
fected by  leaf  blight  so  far.  The  berry  is  flat,  conical,  and  com- 
pressed back  of  apex,  forming  a  sort  of  inverted  pear  shaped  fruit. 
It  is  bright  red  in  color,  firm,  possesses  a  good  flavor  and  has  numer- 
ous seeds.  The  average  yield  for  two  years,  during  which  time  it 
has  been  on  trial  here,  is  3,355  grams,  or  at  the  rate  of  about  87 
bushels  per  acre. 

Eureka, — An  old  pistillate  variety  producing  very  large  berries 
and  large  yields.  It  rank«  eighteenth  in  size  of  yield  produced  by  the 
hills  and  twenty-first  as  produced  by  the  matted  row. 

Gandy. — This  is  one  of  the  standard  late  to  very  late  varieties 
grown  here.  Its  flowers  are  bisexual  and  its  berries  large,  fine  and 
solid.  It  is  very  vigorous,  yet  mats  with  only  moderate  freedom  and 
is  very  little  aflected  by  leaf  blight.  Grown  in  the  jnatted  row»  its 
rate  of  yield  is  just  about  100  bushels  per  acre  while  in  hills  it  is 
but  about  one-half  as  much. 

IlarrUmi,  — Keceived  from  Geo.  W.  Adams,  Tamaqua,  Schuylkill 
county.  Pa.,  in  1897.  A  pistillate  variety  of  great  vigor  and  which 
mats  with  freedom  but  has  been  badly  affected  by  leaf  blight.  Berry 
red,  conical,  blunt  at  the  apex,  and  has  few  seeds.  Yield  not  quite 
large  enough  to  be  satisfactory.. 

Ilaif 8  Prolific. — Received  from  Rodgers  Nursery  Co.,  Moorestown, 
N.  J.,  in  the  spring  of  1896  A  perfect  flowered  variety  of  strong 
yet  not  vigorous  growth.  It  has  not  succeeded  here  and  will  be  dis- 
carded. 

Henderson. — A  very  vigorous,  perfect  flowered  variety  which  gives 
uniformly  large  yields  by  both  systems  of  culture.  Berry  of  me- 
dium size,  good  flavor,  and  quite  firm.  Grown  in  hills  the  average 
yield  for  the  last  four  years  is  5,434  grams,  which  is  the  second 
largest  of  all.  In  the  matted  row  for  the  same  number  of  years  it 
yielded  7,578  grams,  which  is  the  third  largest  of  all. 

Ilendefrson  No.  12. — Received  from  Peter  Henderson  &  Ck).,  New 
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York,  N.  Y.,  in  1898.  This  is  a  vigorous  growing  variety  whicli  mats 
with  very  great  freedom,  and  is  quite  free  from  blight.  Its  flowers 
are  perfect.  Berry  conical,  slightly  irregolar,  has  a  good,  bright  red 
color,  many  seeded  and  iirm.  Having  an  average  yield  of  4,700 
grams  for  the  two  years  it  has  been  grown  here,  it  may  be  consid- 
ered a  fairly  good  yielding  variety.    It  is  a  mid-season  variety. 

HvlCs  No.  S.  — Keceived  from  E.  J.  Hull,  Olyphant,  Pa.,  in  1895. 
A  perfect  flowered  variety,  moderate  in  vigor  and  freedom  of  matting, 
and  which  has  been  very  badly  affected  by  leaf  blight.  Its  yields 
have  always  been  poor  and  it  will  be  discarded. 

i^t^/iTi.— Keceived  from  Birdseye  &  Son,  Hopewell,  N.  Y.,  in  1898. 
Owing  to  an  error  in  transcribing  the  report  this  vai'iety  was  de- 
scribed last  year  as  having  **perfect"  flowers  and  ''bright  red"  berries, 
while  in  fact  the  flowers  are  pistillate  and  the  berries  are  dark  red. 
On  account  of  similar  errors,  "Carrie''  and  ''Ernest"  were  reported  as 
having  perfect  howers  while  they  are  really  pistillate.  While  very 
vigorous  this  variety  mats  with  only  moderate  freedom  and  has  been 
affected  by  leaf  blight  to  a  considerable,  degree.  Berry  abruptly 
conical,  solid  and  possesses  a  good  flavor.  Leaves  very  vigorous  and 
borne  on  short  stems.  Season  very  late.  The  yield  has  been  very 
small  so  far.  As  it  was  placed  under  almost  the  same  condition  as 
Sample,  it  may  do  a  great  deal  better  in  this  respect  in  the  new 
bed,  yet  if  it  does  not,  this  fact  will  not  weigh  so  much  against  it  on 
account  of  the  extreme  lateness  of  its  fruiting  season. 

H.  W.  Beecher.  — Flowers  bisexual.  Vigorous  in  growth  and  mat- 
ting with  freedom,  this  variety  has  yielded  an  average  of  only  2,870 
grams  for  the  last  four  years.    It  will  be  discarded. 

Maida  No.  J1860. —ThiB  variety  was  received  from  Prof.  Heiges, 
Washington,  D.  C,  in  1896.  A  bisexual  flowered  variety  of  vigorous 
growth,  matting  with  moderate  freedom  and  resisting  leaf  blight 
well.  Berry  large,  inverted  pear  shaped,  bright  red  in  color;  seeds 
many  and  flesh  soft.  The  yield  has  been  poor,  the  average  from  the 
matted  row  for  four  years  being  2,819  grams,  and  from  the  hills  1,844 
grams. 

Margaret. — Received  in  1895  from  M.  Crawford,  Cuyahoga  Palls, 
O.  A  perfect  flowered  variety  of  vigorous  growth.  It  mats  with 
moderate  freedom  and  has  been  badly  affected  by  leaf  blight.  Ber- 
ries large  to  very  large  and  yield  small. 

Mary. — A  very  vigorous  imperfect  flowered  variety.  It  mats  with 
great  freedom  but  has  been  badly  affected  by  leaf  blight.  Berries 
large  to  very  large,  regular,  firm  and  of  good  flavor.  The  yields  for 
the  last  two  years  have  been  very  disapppointing,  as  this  variety 
promised  so  much  in  1897  when  it  produced  such  an  immense  crop. 
That  crop  has  a  great  deal  to  do  with  the  size  of  its  average  yield 
in  the  matted  row,  as  will  be  seen  in  the  tables. 
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Meel^s  Early,  — ^An  extra  earlj  variety.  Flowers  bisexual,  flavor 
fine  and  sweet,  flesh  Arm  and  color  dark  red.  Yield  small.  It  pro- 
duces good  medium  sized  berries  for  about  a  week  or  ten  days  or  until 
the  early  to  medium  varieties  come  into  full  bearing,  and  for  this 
reason  is  largely  grown  by  market  growers.  After  the  above  men- 
tioned period  the  size  rapidly  decreases  and  it  is  practically  worth- 
less. Over  one-half  the  crop  for  this  season  was  produced  during  the 
first  eight  days,  while  its  entire  season  extended  from  June  4th  to 
the  27th  inclusive. 

Ohio  CentenniaL  — Received  in  1892  from  Geo.  Townsend,  Gordon, 
O.  This  is  a  medium  to  late  variety  of  very  great  vigor,  which  mats 
quite  freely  and  is  little  affected  by  leaf  blight.  Flowers  perfect, 
berries  very  large  and  yield  good,  the  average  for  four  years  in  the 
matted  row  being  6,034  grams,  or  at  the  rate  of  about  150  bushels 
per  acre.  As  will  be  seen  in  the  table  the  average  size  of  its  berries 
was  the  largest  of  any  grown  here  this  year. 

Perkins  No.  1. — Received  for  trial  in  1894  from  Jackson  &  Perkins, 
Newark,  N.  J.  An  imperfect  flowered  variety  of  vigorous  habit,  but 
which  is  not  very  free  in  matting.  Leaf  blight  has  affected  it  con- 
siderably. Its  season  is  late,  and  its  berries  large  to  very  large  and 
finely  flavored.  The  matted  row  has  given  an  average  yield  for  the 
last  four  years,  of  4,086  grams,  which  is  at  the  rate  of  about  100 
bushels  per  acre. 

Quality.  — Received  from  M.  Crawford,  Cuyahoga  Falls,  O.,  in  1896. 
Bisexual.  Berries  large,  irregular  and  solid.  Yield  extremely 
small,  in  fact  the  smallest  of  any  grown  here.    It  will  be  discarded. 

RiehFs  No.  25.  — This  variety  and  the  three  following  it,  were  re- 
ceived from  E.  A.  Riehl,  Alton,  111.,  in  1899.  Bisexual.  Plants  pro- 
duce vigorous  runners  with  great  freedom.  Blighted  considerably. 
Foliage  large,  dark  green,  berries  very  large  in  size,  conical,  red,  firm 
and  of  good  quality.    Yield  good  this  year.    Season  medium  to  late. 

RieJhOs  No.  26. — Flowers  bisexual.  Berry,  large  to  very  large, 
abruptly  conical,  dark  red  and  solid.  Quality  and  yield,  good.  Not 
quite  so  vigorous  or  so  free  in  producing  runners  as  the  preceding. 
Both  are  promising  varieties.     Season  medium. 

JRiehrs  No.  27.  — Bisexual.  Berry  rather  small  in  average  size, 
bluntly  conical,  bright  red,  many  seeded,  flesh  firm.  Season  mediuuL 
Yield  is  not  so  promising  as  the  preceding. 

RiehVs  No.  28.  — Flowers  perfect,  berry  large,  bright  red,  many 
seeded  and  solid.    Yield  and  season  almost  the  same  as  No.  27. 

Sample. — Received  from  C.  S.  Pratt,  Reading,  Mass.,  in  1898. 
Flowers  imperfect.  Plants  vigorous,  producing  runners  with  re- 
markable freedom,  and  have  been  little  affected  so  far  by  leaf  blight. 
Berry  large,  conical,  regular,  bright  red.  It  has  few  seeds  and  is 
quite  firm.    As  it  was  situated  upon  an  extremely  dry  spot  the  aver- 
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age  yield  of  2,289  grams  is  all  the  more  meritorious.  Toward  the 
latter  part  of  the  season  considerable  fruit  literally  dried  upon  the 
plants. 

SeeJVo.  i?..— Received  from  H.  S.  and  A.  J.  See,  Geneva,  Pa.,  in  1894. 
Pistillate,  berry  medium  to  large,  plants  vigorous  and  mat  with  mod- 
erate freedom.  Yield  good.  The  average  yield  of  the  hills  is  tenth 
and  that  of  the  matted  row  is  eighth  in  rank. 

See  No.  5. — Recwved  same  as  preceding  in  1895;  as  were  also  No. 
4  and  No.  5.  Plants  not  vigorous,  yet  strong,  but  do  not  produce 
runners  very  freely  and  have  been  considerably  affected  by  leaf 
blight.  Flowers  imperfect.  Berry  large  to  very  large,  and  yield 
fair,  averaging  about  80  to  100  bushels  per  acre. 

See  No.  If,.  — Pistillate.  A  little  stronger  than  the  preceding,  pos- 
sesses a  little  more  freedom  in  matting  and  was  less  affected  by  leaf 
blight  this  year.  Average  size  of  berries  smaller  while  the  yield  was 
much  larger.  Berries  almost  round,  large  to  very  large  and  many 
seeded. 

See  No,  6. — Pistillate.  Berries  are  large,  broadly  conical,  have 
few  seeds  and  an  acid  flavor  and  are  quite  firm.  This  year  the  plants 
are  more  vigorous  in  growth  and  matting  than  either  No.  3  or  No. 
4.    Yield  good. 

Xlownsend. — Received  from  Geo.  Townsend,  Gordon,  O.,  in  1892. 
An  imperfect  flowered,  late  variety.  Plants  vigorous,  while  runners 
are  produced  with  very  little  freedom.  Slightly  affected  by  leaf 
blight.  Yield  good.  Berries  large  to  very  large,  dark  red,  broadly 
conical,  regular  and  firm.    Quality  good. 

Warfield. — ^The  largest  yielding  variety  grown  here  for  the  last 
four  years  and  too  well  known  to  need  any  description. 
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The  following  table  gives  the  name  and  color  of  the  varieties  grown 
here  and  also  the  yields  and  average  size  of  berries  for  this  season. 
All  weights  in  grams. 

(Explanation:  B.,  black;  O.,  orange;  P.,  purple;  R.,  red;  Y.,  yellow.) 


Name. 


1 
Tield        ' 

OAOT. 

for  11 

Averace 

plants.       j 

weight. 

B 

4.8tt 

1.04 

R 

t,m 

1.88 

B 

4.100 

1.80 

R 

4,7TO 

1.41 

O 

1.413 

1.10 

T 

8.180 

1.48 

P 

1.810 

1.01 

B 

15.400 

1,51 

R 

e.tti 

1.68 

R 

B 

1.78 

1.460 

.87 

T 

8.120 

1.61 

B 

4.6M 

f.ll 

R 

6.581 

1.61 

R 

i.ea 

1.66 

B 

5.860 

1.80 

R 

7.686 

1.71 

P 

6.610 

1.8T 

B 

6.610 

1.04 

B 

5.141 

1.14 

R 

1.760 

1.78 

B 

18.068 

1.11 

B 

6.700 

.88 

B 

u.sn 

1.28 

B 

16.170 

1.88 

R 

4.667 

1.51 

R 

1:268 

1.58 

P 

18.644 

1.88 

B 

1.467 

.88 

R 

4.718 

1.41 

R 

8.682  , 

1.71 

O 

6.884 

.75 

Ada,   

All  Summer 

Brackett's  No.  101. 

Brandsrwlne 

Brlnkle's  Orange. 

Caroline 

Columbian,    

Conrath 

Cuthbert 

Eaton 

Fadely 

Golden  Queen 

Qregg 

Hansen 

Herstlne 

Huddle'8  No.  600,   . 

Kansae, 

Loganberry.    

IjOvettB 

Mammoth  Cluster. 

Marlboro 

Mill 

Ohio,    

Older 

Onondaga.    

Philadelphia 

Rancocas 

Shaffer's  Colossal. 
Smith's  Prollflc,    .. 

Thompson 

Turner 

Wineberry,    


The  yields  in  the  above  table  still  show  evidences  of  the  effect  of 
the  severe  winter  of  1899.  The  varieties  which  proved  themselves 
perfectly  hardy  that  year  were  Gregg,  All  Snmmer,  Mills  and  Onon- 
daga. Those  frozen  slightly  were,  Mammoth  Cluster,  Smith's  Pro- 
lific, Lovetts  and  Conrath.  Those  almost  entirely  frozen  were,  Marl- 
boro, Rancocas,  Loganberry,,  Columbian  and  Wineberry.  The  re- 
mainder were  frozen  back  from  one-fourth  to  three  fourth©. 


NOTES  ON  VARIETIES. 

All  Summer. — A  very  vigorous,  red  fruited  variety.    Season  late. 
Columhiav, — Too    tender   for    this    locality   without   protection. 
Otherwise  a  very  fine  variety. 

Conrath. — Received  from  Birdseye  &  Son,  Hopewell,  N.  z?^.*  in    t 
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1898.  A  variety  of  vigorous  habit,  which  has  withstood  the  test 
of  severe  weather  fairly  well  and  yields  very  large  crops  of  fine, 
black  berries  of  fair  average  size. 

Outhhert.  — The  old  standard  market,  red  variety. 

Eaton. — ^Received  in  November,  3898,  from  Amos  Garretson,  Pen- 
dleton, Ind.  This  is  a  red  variety.  It  bore  some  fruit  this  season, 
but  not  enough  to  consider.  It  was  pretty  severely  injured  during 
the  winter  of  '99,  having  just  been  planted  and  it  has  not  yet  re- 
covered. The  average  size  of  the  berries  produced  was  good.  A 
better  report  might  be  expected  later. 

Golden  Queen. — The  best  yellow  variety  grown  here.  It  is  not  so 
soft  and  does  not  turn  to  such  an  unsightly  color  as  do  the  others 
when  bruised.  It  is  larger  in  average  size  but  not  in  yield.  It  yields 
good  crops,  however. 

Loganherry. — ^This  berry  is  too  tender  for  this  locality  without  pro- 
tection. It  bore  a  fair  crop  this  year,  owing  to  the  protection  given 
it  last  winter. 

Lovetts.  — ^A  very  early  black  cap  variety.  Berries  small  and 
yield  fair. 

Mammoth  Chister.  — The  best  very  early  black  cap  variety  grown 
here.    Berries  and  yields  fair  in  size. 

Marlboro.  —A  fine,  large  fruited  red  variety  which  has  not  proven 
itself  perfectly  hardy  here. 

•  Mills. — Received  from  Birdseye  &  Son,  Hopewell,  N.  Y.,  and  plant- 
ed in  1898.  A  good  black  cap  variety.  Yield  very  good,  and  size, 
shape,  quality  and  firmness  of  berries  satisfactory.  Perfectly 
hardy. 

Older. — A  fine  black  variety  that  was  frozen  pretty  severely  but 
seems  to  have  completely  recovered.  Although  fine  crops  have 
been  the  rule,  that  for  this  year  is  extra  fine.  The  only  fault  with 
it  is  that  the  berries  are  a  little  soft  for  shipment. 

Onondaga. — Received  in  1898  from  Birdseye  &  Son,  Hopewell,  N. 
Y.  Another  black  cap  variety  which  is  doing  very  well  indeed.  It 
bore  the  largest  crop  of  all  this  year.    Season  medium  to  late. 

Shafer^s  Colossal. — A  very  vigorous  growing  purple  fruited  va- 
riety.   It  bore  a  large  crop  this  year. 

^lumer. — 'Almost  perfectly  hardy  and  bears  large  crops  of  good 
average  sized  berries. 

BLACKBERRIES. 

This  year's  crop  of  this  fruit  was  almost  a  failure.  The  yields 
were  all  very  small.  However,  a  few  varieties  might  be  mentioned, 
for  as  some  are  well  known,  the  following  figures  and  notes  can  be 
used  in  comparison:  ^  j 
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£/rie. — ^Thie  is  about  the  best  yielding  variety  grown  here  as 
well  as  the  one  which  produces  the  largest  berries.  The  yield  of 
six  plants  this  year  was  bat  3,745  grams. 

Ancient  Briton. — This  is  a  new  variety  here,  having  been  received 
in  1898  from  Birdseye  &  Son,  Hopewell,  N.  Y.  It  bore  a  crop  this 
year  of  3,630  grams  on  six  plants.  The  average  size  of  the  berries 
was  1.47  grams,  while  that  of  Erie  was  3.10  grams.  Growth  vigor- 
ous and  free  from  rnst  so  far. 

Agawwm. — Also  received  from  Birdseye  &  Son,  and  planted  in 
1898.  It  is  very  strong  in  growth  and  bore  a  fair  crop  for  this  year 
of  2,215  grams.    The  average  weight  of  the  berries  was  2.34  grams. 

Allen, — Received  from  W.  B.  K.  Johnson,  AUentown,  Pa.,  and 
planted  in  the  spring  of  1898.  A  strong  yet  not  vigorous  growing 
variety.  It  is  as  early  as  Early  Harvest,  which  variety  it  greatly  re- 
sembles in  shape  size  and  flavor  of  its  fruit.  The  yield  for  this  year 
wae  fair,  being  2,948  grams  for  six  plants.  The  average  size  of  the 
berries  was  1.49  grams. 

CURRANTS. 

All  yields  given  in  the  following  notes  are  computed  for  six  plants, 
since  the  number  in  actual  cultivation  varied  considerably  in  the 
different  varieties. 

NOTES  ON  VARIETIES. 

Cherry, — A  vigorous  growing  red  fruited  variety.  .  Height  about 
four  feet.  Berries  large.  Yield  this  year  was  10,960  grams.  First 
picking  was  made  June  15. 

ta/if  &  Prolific, — The  largest  red  currant  grown  here.  Fruiting 
season  began  June  12.  Yield,  14,370  grams,  growth  vigorous,  height, 
three  feet.  ' 

Red  Dutch. — Growth  strong  but  not  vigorous;  height  four  feet. 
Yield  this  year.  16,605  grams.  Berries  medium  in  size.  First  pick- 
ing was  made  June  12. 

Red  ^^<9.— Heijrht  four  and  one-half  feet,  growth  vigorous.  First 
ripe  June  12.  This  variety  produced  the  largest  yield  of  all,  it 
being  27,435  irrams.    Berries  small. 

Starrs  <6  JTarrvton. — This  variety  produced  the  second  largest 
yield,  its  weight  being  22,500  grams.  Plants  very  vigorous  and  free 
from  rust;  height,  four  feet.  The  date  of  ripening  of  first  fruit  was 
June  14.    Berries  medium  in  size. 

Versailhji, — A  vigorous  growing  variety;  height  three  feet;  yield 
9,160  grams.    Berries  medium  to  large.    Firit  ripe  fruit  June  15. 

Victoria.— SxiTLe  12  was  the  date  of  ripening  of  the  fruit^md  the 
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weight  of  the  jield  was  12,660  grams.    Berries  medium  in  size. 
Plants  very  vigorous;  height  four  feet. 

White  Grape,. — Berry  white  and  large  in  size.  Plants  strong  in 
growth  and  little  affected  by  rust.  The  yield  was  6,980  grams;  date 
of  first  ripening,  June  12. 


GOOSEBERRIES. 

Chaut(mqv^,r—Yw\A  17,010  grams;  growth  of  plants  rather  weak; 
height  two  and  one-half  feet.  First  picking  was  made  July  5.  Ber- 
ries large,  oval. 

Crystal, — Received  from  Birdseye  &  Son,  Hopewell,  N.  Y.,  in 
1898.  Height  two  feet  and  growth  vigorous.  Berries  medium  and 
yield  7,740  grams.    First  picking  July  5. 

Downing, — ^This  variety  bore  the  largest  crop  this  year,  it  being 
51,885  grams.  Height  four  feet  and  growth  very  vigorous.  Berries 
round,  and  medium  sized.    Picked  July  3. 

Golden  Prolific. — This  variety  is  rather  weak  in  growth,  and  pro- 
duces extremely  small  crops  of  fine  large  oval  shaped  berries,  which 
are  of  a  greenish  yellow  color  when  ripe.  Height  two  feet.  Yield 
this  year  only  255  grams.    Picked  July  5. 

Houghton.  — Height  four  feet,  growth  very  vigorous.  Berry  "small, 
round  and  red  when  ripe.  Yields  very  large  as  a  rule,  that  of  49,038 
grams  for  this  year  being  no  exception.  The  first  picking  was  made 
July  3. 

Industry, — ^A  very  large  fruited  variety.  Does  not  do' well  at  all, 
here.    Height  one  and  one-half  feet,  and  growth  very  weak. 

Pc^ar?.— Received  from  A.  L.  Wood,  Rochester,  N.  Y.,  in  the  spring 
of  1895.  A  vigorous  vai'iety  bearing  medium  sized  berries.  Yield 
very  good,  that  for  this  year  being  37,928  grams.  Picked  July  5. 
Height  three  feet. 

Pea/rL — Received  from  Birdseye  &  Son,  Hopewell,  ^.  Y.,  in  1898. 
Height  two  feet;  growth  vigorous,  berry  medium  in  size.  Yield 
this  year,  5,860  grams.    iSame  as  preceding. 

Roesch, — Growth  vigorous,  height  three  feet,  berries  large  to  very 
large,  oval  in  shape.    Yield  41,160  grams.    Picked  July  5. 

Smith. — An  early  variety.  Berries  medium  in  size,  growth  strong. 
Height  three  feet;  yield  7,991  grams.    Picked  June  25. 

Triumph.— A.  large  fruited  variety  which  yielded  33,915  grams  this 
year.    Height  three  feet  and  growth  is  vigorous.    Picked  July  5. 

Wellington  Glory, — Received  from  Birdseye  &  Son,  Hopewell,  N. 
Y.,  in  1898.  Growth  vigorous,  height  three  feet.  Berries  large.  Ha« 
not  borne  a  crop  as  yet,  from  which  an  estimate  might  be  made  of  its 
value. 
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THE  PROPER  USE  OF  SHRUBS. 


By  Gbokob  C.  Butz, 


When  a  tree  is  planted  about  a  home,  its  location  is  usually 
chosen  with  considerable  care  and  consultation;  furthermore,  there 
is  generally  in  the  mind  of  the  planter  a  valid  reason  for  the  plant- 
ing of  the  tree.  It  may  be  he  wants  a  line  of  street  trees  to  shade 
the  sidewalk.  The  idea  is  a  good  one,  and  the  proper  position  for  the 
trees  is  practically  fixed  by  the  location  of  the  sidewalk.  Again,  a 
driveway  leading  to  the  house  is  to  be  flanked  with  trees  on  either 
side.  This  is  also  a  proper  use  of  trees  and  locating  them  is  but 
little  more  difficult  than  in  the  first  case.  Another  instance  is  in 
planting  a  tree  by  the  house  with  no  other  purpose  than  to  provide 
shade  upon  the  lawn.  Sometimes  it  is  located  in  front  of  the  house 
and  sometimes  at  a  side  or  even  to  the  rear.  No  further  thought  of 
the  appropriateness  of  the  kind  of  tree  or  the  effect  upon  the  land- 
scape is  entertained  and  yet  few  serious  mistakes  are  likely  to  be 
made  by  such  simple  planting.  Their  branches  are  raised  so  far 
above  the  plane  of  vision  that  they  seldom  stand  as  obstructions  to 
a  view.  Likewise,  the  planting  of  vines  about  our  homes  may  be 
done  with  little  fear  of  results,  for  by  their  very  nature  we  are  led 
to  place  them  near  a  wall,  a  trellis,  a  tree,  or  a  fence.  We  would 
not  think  of  planting  them  promiscuously  over  the  lawn  to  take  their 
own  course.  We  see,  therefore,  that  trees  and  vines  may  commonly 
be  planted  without  incurring  after  criticism  as  to  their  location. 
The  problem  with  respect  to  shrubs,  however,  is  very  different. 

The  chief  ornamental  value  of  shrubs  depends  upon  the  mass  or 
aggregation,  arranged  with  due  respect  to  the  relative  proportion  of 
the  species  employed  and  the  harmony  and  contrast  of  their  colors 
and  leaf-forms.  The  specimen  shrub  is  the  nurseryman's  delight, 
but  the  landscape  gardener  seeks  to  destroy  its  symmetry  by  close 
planting  in  running  borders  or  massed  shrubbery.  Effectual  plant- 
ing of  shrubs  is  diflicult  because  we  choose  commonly  a  single  plant 
of  a  kind,  then  assign  it  space  for  its  perfect  development.  When 
that  is  attained  we  have  the  spei*iinens  of  the  nursery  exhibit,  of 
which  the  like  cannot  be  found  in  nature..  Our  visions  of  Rhododen- 
drons in  our  mountains  over  which  thousands  have  exclaimed  in  ad- 

'  "ition  are  not  the  rounded  forms  with  grassy  walks  between 
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EB  seen  on  manj  lawns,  but  great  masses  of  plants  interlocking  their 
branches  high  and  low,  each  presenting  to  light  and  view  its  bou- 
qaet  of  lovely  blossoms,  making  a  mass  of  glossy  foliage  and  pink- 
white  flowers  through  which  pierce  tall  trees  with  overhanging 
branches.  The  individual  plant  is  not  discerned  and  it  never  re- 
ceives criticism.  The  beautiful  Meadow-sweet  that  has  frequently 
enticed  us  over  marshy  lands  through  tangles  of  shrubs  does  not 
have  the  freedom  so  commonly  given  it  in  our  gardens,  yet  we  pre- 
fer to  have  its  memory  perpetuated  in  the  picture  of  the  swamp  and 
not  as  in  the  strange  picture  of  the  nurseryman's  catalogue.  The 
safest  guide  for  the  successful  planting  of  shrubs  is  nature's  plan 
of  massing,  grouping  and  associating  the  available  material  sub- 
ject to  the  limitations  and  character  of  the  grounds  planted.  Be- 
fore undertaking  such  work  we  may  be  greatly  helped  by  walking 
through  a  bit  of  nature's  gai'den  until  we  meet  a  piece  of  shrubbery 
that  is  particularly  pleasing  to  our  sense  of  beauty,  then  studying 
the  facts  presented  with  a  view  to  their  reproduction  upon  our 
grounds  to  imitate  the  picture,  just  as  the  painter  will  study  the 
elements,  the  proportions,  the  color  and  the  background  to  repro- 
duce the  picture  upon  his  canvas.  Such  a  study  cannot  fail  to  blot 
from  our  minds  those  false  notions  of  plant-beauty  that  have  for 
their  standards  of  plant  forms  the  perfect  blockheads,  as  cubes, 
globes,  balloons,  cones,  pyramids,  etc.  Prof.  L.  H.  Bailey,  in  his 
excellent  bulletin  on  the  planting  of  shrubbery  (Bui.  No.  121,  Cor- 
nell, 1896),  has  well  said  **One's  place  grows  to  be  a  reflection  of  him- 
self." Then  surely  we  will  strive  to  exclude  all  blockheaded  shrubs 
and  trees  from  our  grounds.  The  word  '^picturesque*'  has  recently 
been  made  use  of  very  freely  to  describe  that  pleasing  natural  form 
of  a  tree  or  shrub,  or  its  unique  setting,  and  has  acquired  a  dis- 
tinct meaning  with  the  aesthetic.  It  could  not  be  applied  to  a 
group  of  shrubs,  in  which  each  plant  stands  apart  from  its  neigh- 
bor, trained  and  pruned  into  the  most  perfect  symmetry  and  regular 
form.  But  if,  on  the  other  hand,  we  saw  a  shrub  of  most  irregular 
outline,  yet  having  withal  an  equal  bulk  of  material  to  the  right 
and  left  of  a  perpendicular,  and  so  associated  with  the  grass  below 
and  the  objects  surrounding  it,  that  harmony  prevails,  then  we 
may  truly  say  it  is  picturesque. 

Running  borders  of  shrubs,  which  are  appropriately  placed  to 
the  right  and  left  of  a  lawn,  may  be  made  prolific  of  picturesque 
groups  by  the  proper  assortment  and  association  of  kinds.  For 
when  one  shrub  is  in  the  glory  of  its  beauty  its  neighbors  lend  it 
brilliancy  by  their  own  subdued  colors,  as  a  bride  adorned  for  the 
wedding  carries  the  honors  of  the  bridal  party.  Thus  the  Forsythia, 
flanked  with  Weigelias  and  Spiraeas,  and  backed  with  a  Birch  or 
other  small  tree,  has  the  beauty  of  its  thousand  golden  blossoms 
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bursting  forth  in  April  sunshiDe,  greatly  intensified  by  the  proximity 
of  the  wintry  twigs  and  unburst  buds  of  the  associated  plants.  Then 
in  May,  we  almost  forget  the  attraction  of  the  Forsythia  while  look- 
ing in  the  many  white  faces  of  the  Spiraea  clusters,  made  whiter  by 
contrast  with  the  pure  green  Forsythia  foliage.  And  again,  in  June, 
when  the  Weigelias  seem  to  blush  at  their  own  prominence,  we  ex- 
claim, there  is  no  prettier  shrub  in  all  the  world! 

(The  entire  border  may  thus  be  made  a  panorama  of  changing 
beauty,  displayed  all  the  year  round.  When  the  flowers  have  all 
disappeared  the  changing  tints  of  the  autumn  leaves  play  their 
part  and  then  give  way  to  the  ripened  fruits  and  colored  twigs  that 
have  been  judiciously  included  in  the  list  of  shrubs. 

Such  a  border  of  shrubs  may  be  properly  and  effectively  used  as  a 
screen  cutting  off  the  view  of  the  kitchen  garden  or  any  other  un- 
attractive view,  from  the  lawn.  In  the  larger  ground,  one-half  acre 
and  more  in  extent,  it  is  often  desirable  to  secure  seclusion  and 
privacy  upon  the  lawn.  This  may  be  effected  by  running  such  a 
border  along  the  street  line.  Here  it  will  also  serve  to  stay  much  of 
the  dust  that  would  blow  from  the  street  to  the  house  in  rural  dis- 
tricts. 

These  borders  may  include  a  great  variety  of  shrubs.  The  width 
should  vary  much,  making  a  ^^crooked"  and  not  a  straight  line 
against  the  lawn.  The  border  may  be  slightly  broken  at  intervals 
for  a  line  of  visions,  if  desirable.  In  fact,  the  best  border  planting 
appears  to  the  average  mind  at  first  sight  as  having  been  done  with- 
out order  or  design.  There  are  no  "rows,"  the  spaces  are  all  at  ran- 
dom, and  the  kinds  are  intermixed  without  apparent  reason.  Ana 
yet,  the  most  extreme  care  is  taken  to  allot  each  plant  such  a  place 
and  space  that  when  it  has  grown  to  its  average  dimensions  it  is  not 
concealed  or  crowded  by  its  more  vigorous  neighbors. 

(Summer  pruning  in  this  shrubbery  is  necessary  to  keep  the  aggres- 
sive species  from  crowding  out  the  weaker  though  perhaps  prettier 
neighbors,  and  to  prevent  any  plant  from  assuming  eventually  an 
undue  portion  of  the  border.  Summer  pruning  is  recommended 
above  winter  or  spring  pruning  for  two  reasons:  First,  the  cutting 
of  ambitious  shoots  or  of  weak  unprofitable  wood  can  then  be  done 
without  exposing  the  work  of  the  knife,  and  second,  as  most  shrubs 
produce  their  flowers  upon  wood  made  the  previous  season,  sum- 
mer pruning  gives  that  wood  the  opportunity  of  first  yielding  its 
fiowers.  So  commonly  when  spring  comes  and  lawns  are  "cleaned 
up  and  trimmed  up,"  the  shrubs  get  such  a  trimming  that  all  that 
is  graceful  and  picturesque  about  them  is  cut  away,  and  all  the 
stiff  black  stalks  laid  bare  remain  bare  throughout  the  summer  sea- 
son. The  writer  has  frequently  witnessed  such  injudicious  pruning, 
"^e  case  a  magnificent  Forsythia  suspensa  occupying  a  space 
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Group  of  Shrubs  Backed  by  Silver  Maple. 

Photo,  bj  J.  Horace  McFarland. 
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eight  feet  in  diameter  was  totally  beheaded  because  its  form  was 
not  a  perfect  sphere,  and  this  was  done  in  April  just  one  week  before 
the  shrub  would  have  been  a  cloud  of  golden  blossoms.  It  is  need- 
less to  say  that  for  two  years  after  scarcely  any  flowers  were  pro- 
duced on  this  plant. 

GROUPING  OF  SHRUBS. 

There  is  often  some  portion  of  the  homeplot  that  is  best  covered 
with  a  group  of  shrubs.  A  group  differs  from  a  border  in  that  it 
must  present  a  good  face  on  all  sides.  A  group  calls  for  a  more 
careful  selection  of  shrubs.  From  a  small  group  where  only  six 
or  eight  plants  can  be  used,  the  tall  and  upright  shrubs  should  be 
generally  omitted.  Such  as  have  an  underground  spreading  habit 
should  be  avoided.  A  group  is  always  more  beautiful  if  it  can  be 
associated  with  a  bit  of  rockery,  a  small  rustic  house,  or  even  if  it 
has  a  rustic  seat  by  it.  At  the  angle  of  diverging  walks  a  group  of 
shrubs  may  be  made  picturesque.  In  this  instance  the  border  lines 
of  the  walks  furnish  the  bit  of  formality  to  the  picture  and  stand 
as  the  reason  for  the  group  in  that  location.  The  most  common 
occasion  for  a  small  cluster  of  shrubs  is  at  an  angle  of  the  house, 
where  a  very  beautiful  picture  can  easily  be  wrought  out  by  involving 
the  masonry,  front  steps,  or  other  portions  of  the  architecture  of  the 
house. 

HEDGES  OF  SHRUBS. 

A  hedge  is  an  unnatural  feature  of  adornment.  There  is  seldom 
a  real  occasion  for  one,  particularly  upon  small  grounds.  In  large 
areas  it  may  be  introduced  as  an  element  of  formality  to  intensify 
the  rarer  beauty  of  the  natural  grouping  about  it.  It  is  not  an  un- 
common sight  to  see  a  hedge  of  shrubs  or  low  evergreens  upon  vil- 
lage lots  without  any  other  planting.  The  Privets,  Spiraeas  and 
Japanese  Quince  when  used  for  ornamental  hedges,  possess  a  beauty 
that  makes  them  tolerable  when  it  is  necessary  to  have  the  hedge. 

SHRUBS  PLANTED  SINGLY. 

Specimen  plants  standing  singly  have  a  charm  that  must  not  be 
overlooked  on  even  the  smallest  grounds.  The  small  or  dwarf  trees 
are  most  effectively  employed  in  this  manner  and  should  be  consid- 
ered among  shrubs  rather  than  with  trees  strictly.  Most  beautiful 
among  such  small  trees  are  the  Flowering  Apple  (Malus  Mains  flori- 
bunda).  Flowering  Dogwood  (Comus  Florida)  and  its  variety  rubra 
with  pink  blossoms  (bracts).  The  American  Judas  Tree  (Cercis 
Canadensis)  and  the  Japanese  Maples.  The  last  named  are  just  now 
very  popular  favorites.  They  deserve  to  be  more  generally  planted, 
especially  the  thrifty  and  hardy  varieties.    The  beauti*ui  illustra- 
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tion  of  a  well  grown  Japanese  Maple  shows  many  of  its  merits  for 
the  lawn,  but  cannot  display  the  color  effects  of  these  rare  trees. 

It  is  not  to  be  denied  that  many  kinds  of  shrubs  when  planted 
alone  in  good  congenial  soil  possess  such  a  grace  of  habit  or  beauty 
of  foliage  and  flower  that  their  standing  apart  from,  the  masses  and 
group©  is  justifiable.  Strong  plants  of  the  Hydrangea  paniculata, 
Spiraea  Van  Houttii,  or  the  shrub-like  Japanese  maples  are  properly 
used  in  this  way.  Many  varieties  of  shrubs,  as  of  other  plants,  tot>, 
are  originating  under  the  care  of  horticulturists.  These  varietieB 
possess  a  merit  often  that  would  not  be  appreciated  if  planted  in  the 
border;  hence,  must  be  planted  where  their  special  characteristics 
can  be  seen.  Such  plants  are  the  varieties  with  variegated  foliage, 
laciniate  leaves,  weeping  habits,  etc. 

I^orsythui  simpema  var.  variegata. — Of  all  the  Forsythias  none  is 
more  beautiful  and  graceful  than  F.  suspensa,  and  after  the  early 
flowering  period  is  x)ast  its  rich  crop  of  dark  green  'eaves  makes  it 
attractive  throughout  the  long  summer.  Upon  one  of  these  shrubs 
on  the  College  campus  in  1896  appeared  a  branch  with  leaves  dis- 
tinctly variegated  with  a  pure  white.  60  distinct  was  it  that  it  was 
attractive  a  hundred  feet  away.  The  writer  sought  to  perpetuate 
this  "sport"  realizing  how  great  an  acquisition  a  good  variegated 
Forsythia  would  be.  A  cutting  was  made  of  six  inches  of  the  growth 
leaving  four  buds  in  the  axils  of  variegated  leaves  yet  upon  the 
shrub.  These  buds  subsequently  produced  shoots  with  only  a  very 
slight  amount  of  variegation  in  the  leaves,  except  one  from  which 
the  sprout  was  totally  white  and  consequently  too  weak  to  be  of  any 
value.  The  cutting  taken  in  1896  rooted  freely  and  is  now  a  mag 
nificent  plant  growing  with  the  vigor  of  the  parent  species.  The 
variegation  remains  strong.  The  white  is  irregularly  distributed 
through  the  green.  Some  leaves  being  mottled  with  small  angular 
sections  of  white  and  green,  others  are  marked  with  streaks  of 
white.  Sometimes  an  entire  half  of  a  leaf  is  white,  the  other  half 
being  wholly  green.  Frequently  there  are  patches  of  a  light  green 
which  add  to  the  beauty.  In  the  very  young  foliage'  the  variegation 
is  a  cream-white  color,  making  the  tips  of  the  new  growth  prominent. 
The  plant,  but  four  years  old  from  the  cutting,  is  strong  enough  to 
indicate  that  it  will  flower  with  the  same  freedom  that  is  possessed 
by  the  green  parent. 

Samhu-cffs  puhens  var,  (J^fHieGta^  Britton. — Attention  is  called  to 
this  novelty  among  shrubs,  because  it  has  not  yet  reached  the  nur- 
seryman. The  specimen  upon  our  grounds  was  contributed  by  the 
venerable  horticulturist  Wm.  G.  Waring,  of  Tyrone,  Pa.,  who  orig- 
inally found  the  variety  in  the  mountains  of  Centre  county.  Pa., 
about  1861,  while  he  was  connected  with  the  Pennsylvania  State 
College,  then  known  as  the  Farmers*  High  School.    I  have  assumed 
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that  this  is  the  same  as  the  variety  referred  to  by  Brit  ton  in  Britton 
and  Brown's  Illustrated  Flora  under  the  above  name  and  described 
in  Mem.  Torr.  Club,  1894.  It  is  reported  as  growing  near  Lake  Su- 
perior and  in  Pennsylvania.  However,  a  remarkable  feature  of  the 
plant  on  our  grounds  is  the  purple  color  of  the  foliage  in  the  spring. 
It  is  as  pronounced  as  the  purple  coloring  in  Berberis  vulgaris  var. 
atropurpurea,  but  fades  out  towards  the  end  of  the  season  when  the 
foliage  ripens.  The  laciniate  leaves  are,  as  shown  in  the  illustration, 
very  much  cut,  each  leaflet  of  the  species  being  pinnate  pinnatified. 
By  a  severe  pruning  in  March,  the  new  growth  becomes  very  strong, 
and  each  compound  leaf  becomes  twelve  inches  long  by  eight  inches 
wide,  and  the  height  of  the  shrub  may  be  from  six  to  ten  feet.  This 
variety  is  not  inclined  to  set  fruit  as  freely  as  the  species,  hence  the 
beauty  of  the  red  berries  of  S.  pubens  cannot  be  considered  as  belong- 
ing to  the  variety.. 

ORNAMENTAL  SHRUBS  OF  RECENT  INTRODUCTION. 

The  following  shrubs  are  a  part  of  a  collection  sent  by  Dr.  D.  G. 
Fairchild,  special  agent  in  charge  of  foreign  introductions  conduct- 
ed by  the  United  States  Department  of  Agriculture.  The  plants  and 
cuttings  were  received  in  March  and  April,  1898,  and  planted  where 
they  could  be  cared  for  and  their  development  could  be  observed. 
Among  the  list  were  several  ornamental  trees  and  bush  fruits  from 
foreign  countries,  but  they  are  not  referred  to  in  this  report.  The 
majority  of  the  plants  are  from  Siberia  and  Upper  China,  therefore 
the  question  of  hardiness  is  not  a  doubtful  one.  The  adaptability 
of  a  plant  to  a  new  region  cannot  be  determined  by  the  study  of  tem- 
perature and  rainfall  alone,  the  problem  is  complicated  by, the  many 
conditions  prevailing  in  a  region  that  are  conveniently  summed  up 
in  the  word  "climate."  The  actual  trial  of  a  new  plant  is  the  only 
sure  method  of  determining  its  adaptability  in  a  strange  country, 
and  often  no  other  explanation  for  success  or  failure  can  be  given 
than  that  the  "climate"  proves  congenial  or  the  reverse. 

Among  the  shrubs  referred  to  below,  there  is  nothing  possessing 
such  extraordinary  merit  that  it  should  supplant  the  well  known 
favorites  of  our  lawns  and  park^*;  but  with  the  increased  interest 
in  ornamental  planting  the  nurserymen  and  landscape  gardeners  will 
find  many  of  them  valuable  on  extensive  grounds  to  secure  that 
variety  of  display  which  is  always  pleasing  to  the  eye  of  the  aesthetic 
and  the  taste  of  the  cosmopolitan.  Our  people  are  fast  becoming 
citizens  of  the  world,  fraternizing  with  other  peoples,  rejoicing  in 
the  scenery  of  other  countries  and  subsisting  upon  products  from  the 
four  quarters  of  the  globe.  A  liberal  use  of  foreign  plants  may  be 
made  without  excluding  from  our  lawn  and  parks  the  multitude  of 
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indigenoas  plants  of  rare  ornamental  value  and  well  known  adapta> 
bility. 

The  past  two  years  have  been  the  most  trying  period  in  a  half 
century  upon  plants  in  the  nursery  and  upon  the  lawn,  over  nearly 
the  entire  country.  In  February,  1899,  this  particular  region  suf- 
fered a  cold  of  — ^20**  F.  through  a  period  of  a  week  or  ten  days  and 
many  plants  regarded  as  hardy  here  were  either  severely  injured  or 
killed  outright.  Notable  among  them  were  the  following:  For- 
sythias,  Berberis  Aquifolium,  many  roses,  Rhododendrons,  Labur- 
num vulgare  and  Magnolia  purpurea,  all  severely  injured.  Cupres- 
sus  Lawsoniana,  a  thrifty  tree  ten  feet  high,  was  killed  to  the  ground. 
The  following  winter,  though  less  cold,  caused  the  death  of  several 
plants  that  had  been  injured  and  failed  to  regain  their  former  vigor. 
Furthermore,  the  summer  of  1900  has  been  severe  upon  plants  be- 
cause of  the  excessive  heat  and  long  continued  drouth.  It  may  be 
said,  therefore,  that  the  following  shrubs  have  lived  and  flourished 
through  the  severest  climatic  conditions  that  they  are  likely  to  en- 
counter in  this  State. 

Amygdalus  nana. — A  dwarf  spring  flowering  shrub  related  to  the 
Dwarf  Flowering  Almond  (Prunus  Japonica  flore  pleno,  erroneously 
called  Amygdalus  pumila).  The  plant  attains  a  height  of  two  to 
three  feet;  the  flowers  are  rose- colored,  appearing  in  profusion  in 
April,  the  foliage  is  small  serrated  and  glabrous.  This  plant  is  a 
native  of  Tartar^  and  has  survived  on  our  grounds  the  severest 
climatic  conditions  that  it  is  likely  to  encounter  in  Pennsylvania 
at  any  time  both  in  regard  to  extreme  cold  and  long  summer  drouth 
with  high  temperature.  Our  plant  of  this  species  is  now  one  foot 
high  with  many  branches  and  gives  promise  of  a  successful  introduc- 
tion. 

Artemisia  Ahrotanum, — The  Artemisias  are  aromatic  herbs  or 
small  shrubs,  usually  grown  in  country  places  for  their  medicinal 
properties.  Some  of  them  are  commonly  known  as  Wormwood,  Mug- 
wort,  Southernwood  and  Old  Woman.  The  species  here  referred  to 
is  the  Southernwood  or  Old  Man,  which  is  an  old  inhabitant  of 
English  Gardens  and  not  new  in  America.  It  is  a  native  of  Europe, 
grows  three  to  Ave  feet  high  in  good  soil.  Its  finely  divided  leaves, 
together  with  the  pleasant  fragrance  about  it,  make  it  a  very  desir- 
able plant  for  decorative  purposes  upon  the  lawn.  The  flowers  are  in 
small  heads  (compositae)  arranged  in  loose  panicles,  but  are  neither 
conspicuous  nor  beautiful.  They  are  yellow  in  color  and  dry  upon 
the  plant  making  their  appearance  from  August  to  October.  The 
plants  in  our  ehrubbery  are  now  mature  shrubs  three  and  one-half 
feet  high,  making  a  hemispherical  form  of  finely  divided  leaves. 
This  plant  can  be  easily  propagated  by  cuttings,  and  will  thrive  in 
almost  any  location. 
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Artemisia  procera. — This  species  closely  resembles  the  preceding 
in  general  aspect,  although  the  branches  are  more  erect  and  longer 
making  a  shrub  six  to  eight  feet  high  when  full  grown.  The  fra- 
grance of  the  foliage  is  more  pleasant.  This  is  a  native  of  southern 
Europe. 

Berber fs  hef^ro'^orfa. — ^Several  species  of  Barberry  hare  been  in 
cultivation  so  long  that  they  have  a  distinct  use  in  lawn  and  park 
planting.  The  holly-like  and  evergreen  foliage  of  some  and  the  bright- 
colored  berries  of  others  make  them  attractive  in  both  winter  and 
summer.  The  species  now  introduced  is  most  like  the  common  Bar- 
berry (B.  vulgaris)  or  our  native  one  (B.  Canadensis).  It  attains 
a  height  of  four  to  six  feet  with  spreading  branches.  The  leaves  are 
broadly  ovate,  pale  green,  one  to  two  inches  long.  The  orange-yellow 
flowers  produced  in  racemes  in  May  are  fragrant  and  the  fruit  which 
follows  is  dark  blue.  Our  plants  of  this  are  strong  and  will  evidently 
adapt  themselves  to  this  country  as  well  as  the  better  known  species. 
B.  heteropoda  is  a  native  of  Turkestan. 

Berber  18  Tknnhergii,. — A  valuable  shrub  making  a  dense  low 
growth,  its  form  being  an  oblate  sphere  resting  gracefully  upon  th^ 
ground.  The  branches  appear  fan-shape,  extend  themselves  hori- 
F^ntally  supported  by  the  graceful  curves  of  the  older  wood.  The 
leaves  are  small,  obovate  or  spatulate,  smooth  and  entire,  clustered 
in  three©  or  fours  in  the  axile  of  the  alternate  spines.  The  leaves 
become  crimson  and  scarlet  in  the  fall  beginning  in  August,  and  when 
the  foliage  has  dropped  in  Octob«3r  the  bright  red  fruits  are  very 
showy  throughout  the  winter,  hanging  in  straight  rows  under  the 
horizontal  branches.  The  plants  received  from  the  Department  of 
Agriculture  were  too  frail  on  arrival  to  live,  however  several  very 
fine  specimens  of  this  neat  little  Japanese  shrub  are  growing  upon 
the  College  campus. 

Caragana  fr^  teficens^var,  grand'Hora, — The  shrubby  Caraganas  are 
handsome  ornaments  when  in  flower;  the  yellow  pea-shaped  blos- 
soms appear  in  profusion  among  the  short-petioled  leaves.  The  lat- 
ter being  compound  of  four  leaflets  give  the  shrub  a  very  leafy  ap- 
pearance. This  species  is  the  one  most  commonly  planted  being 
perfectly  hardy  and  easily  handled.  It  is  a  native  of  Southern  Bus- 
sia  to  China.  The  variety  grandiflora  resembles  the  species  but  is 
superior  in  having  larger  flowers.  The  shrub  grows  from  five  to  ten 
feet  high  and  when  in  flower  it  reminds  one  of  the  sweet-scented  con- 
servatory plant  Cytisus  racemosus  (known  to  florists  as  Genista). 

Carngana  pya^nacea, — This  is  a  diminutive  ©pecies  of  Caragana 
coming  from  Siberia.  It  is  perfectly  hardy  but  has  not  displayed 
much  freedom  of  growth  in  our  experience  with  it.  The  foliage  is 
small,  the  four  leaflets  being  linear  lanceolate.    The  shrub  at  best 
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does  not  exceed  three  feet  in  height  and  the  branches  are  too  slender 
to  stand  erect.  According  to  Rehder,  this  species  "grafted  high  on 
C.  arborescens  forms  a  graceful  standard  tree  with  pendulous 
branches."    Cyc.  of  Amer.  Hort. 

Cormis  Sihirica  (Probably  C.  alba  var.  Sibirica).  The  plant  of  this 
shrub  was  very  frail  when  received  and  never  grew.  It  is  well 
known,  however,  that  the  Dogwoods  are  not  diflScult  to  grow.  This 
is  one  of  the  forms  so  attractive  in  winter  because  of  the  bright  red 
branches  and  coming  from  Siberia  we  may  feel  certain  it  will  prove 
hardy  in  Pennsylvania. 

Gratdegus  sangmnm.r—We  have  many  native  Hawthorns  that 
are  valuable  ornamentals  and  it  is  not  likely  that  any  novelty  will 
supplant  one  of  the  well  tried  European  or  American  species.  How- 
ever, we  can  cheerfully  welcome  other  species  to  the  brief  list  of 
shrubs  that  attain  the  height  and  form  of  small  trees.  They  are 
so  much  needed  to  stand  as  prominents  in  the  large  border  of  shrub- 
bery, and  in  limited  grounds  where  the  larger  trees  would  not  be 
admissable.  Hawthorns  appeal  to  our  sense  of  beauty  on  four  differ- 
ent occasions  during  the  year;  first,  through  April,  May  and  June 
with  their  profusion  of  apple-like  blossoms;  second,  throughout  the 
summer  with  shapely  or  picturesque  heads  of  glossy  green  foliage; 
third,  during  "September  and  October  the  autumnal  tints  are  as 
varied  and  as  handsome  as  of  any  other  tree,  and  lastly  the  ripened 
fruits  in  shades  of  red  or  purple  hang  in  many  clusters  long  after  the 
foliage  has  dropped.  C.  sanguinea  is  another  introduction  from  Si- 
beria. It  is  noted  for  its  large  flowers  with  purple  stamens  and  its 
large  blood-red  fruits.  The  trees  on  out  grounds  are  making  strong 
upright  shoots  three  to  five  feet  in  a  season. 

.  Diervilla  Middendorffiana. — Another  Siberian  plant  for  which  there 
is  an  oi>ening.  Diervillas  (more  commonly  known  as  Weigellaa), 
have  in  their  flowers  the  colors  of  white,  red  and  purple,  but  no 
yellow.  This  new  species  aflFords  a  shade  of  yellow  that  is  not  strong 
but  can  be  improved  under  cultivation.  The  plant  sent  us  by  the 
Division  of  Forestry,  being  a  weak  one,  never  grew. 

Deutzia  par^njlora, — ^In  general  aspect  this  Deutzia  most  closely 
resembles  the  D.  gracilis  with  larger  proportions.  It  attains  a  height 
of  five  feet,  has  coarser  foliage,  and  moreover  is  a  much  more  hardy 
species  than  D.  gracilis.  The  flowers,  though  small,  are  borne  in 
corymbs  of  many  blossoms  appearing  in  the  month  of  June.  Our 
plant  is  now  two  feet  high  and  in  a  very  vigorous  condition.  The 
species  is  found  in  Northern  China  and  Mongolia. 

Wpvophae  rhamnoi/Ie.9, — Sea  Buckthorn.  This  is  related  to  the 
Eleagnus  and  Shepherdia.  Only  a  cutting  of  this  was  sent  and  it 
failed  to  grow. 
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Lon^cera  spinosa  (L.  Albert!)  Honeysuckle. — This  species  is  bat 
little  known  in  this  country.  It  is  a  small  shrub  not  exceeding  two 
feet  in  height.  It  resembles  a  shrubby  Hypericum,  having  small 
linear  or  linear-lanceolate  leaves,  opposite  and  bluish-green.  The 
branches  are  erect  and  rigid,  becoming  spiny  in  half  alpine  regions. 
The  flowers  are  pink  and  fragrant.  Our  plant  appears  very  hardy 
and  in  two  years  has  become  a  strong  bushy  shrub.  It  will  be  found 
useful  in  limited  borders. 

Lonicera  eaerulea  var.  dependens.. — The  Blueberried  Honeysuckle. 
This  is  a  larger  and  coarser  plant  than  the  preceding.  The  leaves 
are  one  to  two  inches  long,  ovate,  glaucous-green.  The  plant  is 
early  at  its  full  height  of  three  feet,  loosely  branched  and  scattering. 
The  flowers  are  not  very  showy,  being  somewhat  concealed  among 
the  foliage  because  of  the  short  peduncles.  Wherein  this  variety 
differs  from  the  species  L.  eaerulea  is  not  yet  apparent.  There  can 
be  no  question  as  to  its  adaptability  to  our  climate. 

Menispemum  Dahuricum. — ^Moonseed.  'A  vine,  resembling  closely 
our  native  common  Moonseed  (M.  canadense).  It  is  a  twining, 
woody  vine;  the  pretty  leaves  are  broadly  cordate,  peltate,  and  a 
deeper  green  than  our  native  one.  Neither  vine  is  a  free  bloomer 
until  strong  plants  are  developed.  Nevertheless,  the  beauty  of 
these  vines  lies  wholly  in  their  foliage  and  twining  habit.  Our  plant 
of  this  Asiatic  species  in  three  years  has  not  exceeded  four  feet  in 
growth  in  a  season,  whereas  the  native  one  in  the  same  time  makes 
a  growth  of  six  to  eight  feet. 

Bosa  Tugo%a. — Considerable  interest  has  been  aroused  in  this  Jap- 
anese rose,  and  its  white  variety.  Its  introduction  is  no  longer  a 
matter  for  experiment.  It  must  be  used  and  regarded  entirely  as 
a  shrub  whose  beauty  lies  in  the  general  effect  of  its  form,  foliage 
and  flowers.  It  makes  stout  branches  four  feet  high,  thickly  beset 
with  prickles,  though  almost  wholly  concealed  by  a  dense  crop  of 
fine  foliage,  much  wrinkled  by  depressed  veins,  and  being  usually 
of  a  good  green  color,  it  occasions  many  remarks  of  admiration.  The 
flowers  are  very  showy,  four  Inches  in  diameter,  with  a  good  red 
color,  appearing  freely  in  June.  They  are  followed  by  very  large 
fruits  which  when  ripe  are  orange-red,  reminding  one  of  small  to- 
matoes. 

Bosa  rugosa^  var.  aJha. — ^In  all  respects  this  variety  is  like  the  spe- 
cies, barring  the  color  of  the  flowers,  which  in  this  case  are  pure 
white.  This  white  variety  is  inclined  to  be  more  dwarf  than  the  red 
one.  Rose  growers  have  promptly  obtained  many  valuable  hybrids 
by  crossing  this  with  the  Teas  and  other  types  of  roses.  Blanc 
Double  de  Coubert  is  a  thrifty  double  white  variety  of  the  rugosa 
rose,  with  a  delightful  fragrance.  There  are  about  25  petals  in  the 
double  blossom  and  from  four  to  eight  flowers  are  borne  in  a-<'luster¥ 
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On  large  plants  on  our  campus  this  hybrid  variety  continues  flower- 
ing all  summer  and  into  October. 

Spiraea  armirensU — The  Spiraeas  are  well  known  as  ornamental 
shrubs  and  some  of  them  as  herbaceous  perennials.  They  are  all 
easy  growing  and  suited  to  a  great  variety  of  uses.  This  species  has 
already  attained  a  height  t)f  four  feet  on  our  grounds  and  flowered 
freely  during  the  past  summer.  The  flowers  are  white  borne  in  clus- 
ters on  the  wood  of  the  previous  season's  growth.  The  leaves  are 
trilobed  with  the  margin  doubly  serrated.  While  this  species  is 
properly  considered  an  ornamental  shrub  it  cannot  rank  with  the 
bi^autiful  species  and  varieties  of  our  nurseries  like  S.  Reevesiana. 
R.  Van  Houttei,  or  S.  Callosa. 

Spiraea  laevigata. — The  smooth-leaved  Spiraea.  This  Siberian 
•pcvit'S  has  a  distinct  character  because  of  the  foliage  which  is  of 
a  d^fleffeut  type  from  any  of  the  many  commonly  grown  tyx)es  in  this 
genua  The  leaves  are  oblong-lanooolate,  entire,  four  to  five  inches 
long,  glaucous  green,  smooth  and  erect  on  stiff  upright  branches. 
The  flowers  are  white  tinged  with  red  and  appear  ir.  June.  This  spe- 
cies is  dioecious;  the  male  inflorescence  is  larger  and  looser  than  the 
female.  Lovers  Qf  Spiraeas  will  be  pleased  to  welcome  this  new 
type.    In  growth  it  does  not  exceed  two  or  three  feet  in  height. 

Spiraea  longigamis,^ — This  species  resembles  the  Plum-leaved  Spi- 
raea (8.  prunifolia)  in  type  of  foliage  and  habit  of  plant,  and  seems 
to  be  w«n  adapted  to  our  climate.  The  plants  are  over  three  feet 
high,  but  bare  not  flowered  yet. 

Syringa  Emodi. — Lilac.  The  many  recent  additions  to  our  list  of 
lilacs  iaelude  several  new  types  with  strong  characters.  It  may 
be  a  tree-like  habit,  bolder  foliage,  or  larger  panicles  of  flowers. 
This  species  from  the  Himalayas  was  introduced  into  England  as 
*rly  as  1840.  It  has  the  habit  of  a  small  tree  six  feet  in  height, 
wfth  large  leaves,  four  to  five  inches  long  and  two  to  three  inches 
broad.  The  midrib  and  the  principal  veins  of  the  leaf  are  strongly 
depressed  giving  distinction  to  the  foliage.  Our  specimen  is  now 
three  and  one-half  feet  high,  and  has  made  strong,  healthy  wood. 
The  inflorescence  is  a  large  loose  panicle  terminating  the  early 
growth  of  the  season.  The  color  of  the  flowers  is  white  or  purplish, 
lliis  specie*  is  valuable  for  single  specimens  or  as  prominents  in  a 
rtinning  border. 
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EXCHANGES. 


Agricultural  Epitomist,  Indiaoapolis,  Ind. 

American  Agriculturist,  New  York. 

Annn'ican  Fertilizer,  Philadelphia. 

Americaii  Fruit  and  Vegetable  Journal,  Cbicago,  Ill». 

American  Grange  Bulletin,  Cincinnati,  Ohio. 

Ameri-an  Horse  Breeder,  Boston,  May. 

American  J^heep  Breeder  and  Wool  Grower,  Chicago,  Ills. 

Blood<»d  etock,  Oxford,  Pa. 

Breeders'  Gazette,  Chicago,  Ills. 

Beet  Sugar  Gazette,  Chicago,  Ills. 

California  Cultivator  and  Poultry  Keeper,  Los  Angeles,  Cal. 

Chh*a;ro  Produce,  Chicago,  Ills. 

Connecticut  Farmer,  Hartford,  Conn. 

Creamery  Gazette,  Des  Moines,  la. 

Dairy  World,  Chicago,  Ills. 

Drainage  Journal,  Indianapolis,  Ind. 

Edwards  Fruit  Grower  and  Farmer,  Missoula,  Moiitana. 

Elgin  Dairy  Report,  Elgin,  Ills. 

Farm,  Furnace  and  Factory,  Roanoke,  Va.  ^ 

Faruiers'  Institute  Bulletin,  Fayetteville,  N.  Y. 

Farm  Home,  Springfield,  Ills. 

Farm  Journal,  Philadelphia. 

Farm  and  Fireside,  Springfield,  Ohio. 

Farmers'  Advocate,  London,  Canada. 

Farmers'  Friend,  Mechanicsburg,  Pa. 

Farmers'  Guide,  Huntingdon,  Ind. 

Farmers'  Home,  Dayton,  Ohio. 

Farmers'  Review,  Chicago,  Ills. 

Fanning,  Toronto,  Canada* 

Farmers'  Tribune,  Des  Moines,  la. 

Farm  Magazine,  Milwaukee,  Wis. 

Hoard's  Dairyman,  Fort  Atkinson,  Wis. 

Holstein-Friesian  Register,  Brattleboro,  Vt. 

Homestead,  Des  Moines,  la. 

Hodpodar,  Omaha,  Neb. 

Home,  Field  and  Forum,  Oklahoma. 

Indiana  I'armer,  Indianapolis,  Ind.  ^^ 
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IrrigaiioQ  Age,  Chicago^  Ills, 
industtjallst^  Manhattan,  Kan. 
fi*:Vivy  lUiUetin,  IndiaDapolis,  Lid. 
Iax  Laiterie,  Paris,  France. 
Live  Stock  Indicator,  Kansas  City,  Mo. 
Lonife'iana  Planter,  New  Orleans,  La, 
Mui'k  Lane  Express,  London,  £ng. 
Mirror  and  Farmer,  Manchester,  N.  H. 
Monthly  Florida  Bulletin,  Tallahassee,  Fla. 
National  Farmer  and  Stock  Grower,  St.  Louis,  Mo. 
Ketional  Fruit  Grower,  St.  Joseph,  Mich. 
National  Rural  and  Family  Magazine,  Chicago,  Ills. 
National  Stockman  and  Farmer,  Pittsburgh,  Pa. 
New  England  Farmer,  Boston,  Mass. 
New  England  Homestead,  Springfield,  Mass. 
New  York  Farmer,  Port  Jervis,  N.  J. 

New  York  Produce  Review  and  American  Creameryman,  New 
York. 
New  Zealand  Dairyman,  Wellington,  N.  Z. 
Oregon  Agriculturist,  Portland,  Oregon. 
Orange  Judd  Farmer,  Chicago,  Ills. 
Our  Grange  Homes,  Boston,  Mass. 
Pennsylvania  Farmer,  Meadville,  Pa. 
Poultry  Monthly,  Albany,  N.  Y. 
Practical  Dairyman,  Indianapolis,  Ind. 
Practical  Farmer,  Philadelphia. 
Rural  Farmer,  Philadelphia. 
Rural  New  Yorker,  New  York. 
Rural  World,  London,  W.  C. 
Southern  Planter,  Richmond,  Va. 
Strawberry  Specialist,  Kittrell,  N.  C. 
Sugar,  London,  Eng. 
Sugar  Beet,  Philadelphia. 
Swine  Breeders'  Journal,  Indianapolis,  Ind. 
Sanitary  Inspector,  Augusta,  Maine. 
Successful  Farmer,  Sioux  Falls,  Dakota. 
The  Golden  Egg,  St.  Louis,  Mo. 
The  Southwest,  Springfield,  Mo. 
Turf,  Field  and  Farm,  New  York. 
Up-to-Date,  Indianapolis,  Ind. 
Veterinary  Record,  London,  Eng. 
West  Va.  Farm  Review,  Charleston,  W.  Va. 
Western  Creamery,  San  Francisco,  Cal. 
Western  Fruit  Grower,  St.  Joseph,  Mo. 
Weekly  Sun,  Baltimore,  Md. 
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Bedford  Enquirer,  Bedford,  Pa, 

Central  News,  Perkasie,  Pa. 

Clarion  Democrat,  Clarion,- Pa. 

Delaware  County  Democrat,  Chester,  Pa. 

Detroit  Free  Press,  Detroit,  Michigan. 

Erie  Weekly  Herald,  Erie,  Pa. 

Johnstown  Weekly  Democrat,  Johnstown,  Pa. 

Juniata  Herald,  Mifflintown,  Pa. 

Leechburg  Advance,  Leechburg,  Pa. 

Monitor,  Clearfield,  Pa. 

New  York  Weekly  Witness,  New  York. 

Public  Ledger,  Philadelphia. 

Quakertown  Free  Press,  Quakertown,  Pa. 

Heading  Adler  (German),  Reading,  Pa. 

Reading  Weekly  News,  Reading,  Pa. 

Review,  Norristown,  Pa. 

Sharpsville  Advertiser,  Sharpsville,  Pa. 

Village  Record,  West  Chester,  Pa. 
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LIST  OF  STATION  PUBLICATIONS  AVALIiABLE. 


Reports  for  1892, 1896, 1897,  1898-99. 

Bulletin  20.  Tests  of  Dairy  Apparatus. 

Bulletin  29.  Tuberculosis  in  Cattle. 

Bulletin  31.  Report  of  the  Director  for  1894. 

Bulletin  37.  The  Peach  Industry  in  Pennsylvania. 

Bulletin  38.  A  Test  of  Hand  Separators. 

Bulletin  40.  The  Sugar  Beet  in  Pennsylvania. 

Bulletin  43.  Apples  in  Pennsylvania. 

Bulletin  44.  Commercial  Butter  Cultures. 

Bulletin  45.  Heated  Milk  for  Butter  Making. 

Bulletin  46.  Variety  Tests  of  Wheat. 

Bulletin  47.  Sugar  Beet  Tests  in  Pennsylvania. 

Bulletin  48.  Winter  vs.  Spring  Bran. 

Bulletin  49.  Field  Fertilizer  Experiments  on  Tobacco. 

Bulletin  50.  Distillery  Waste;  Miscellaneous  Cattle  Food  Analy- 
ses. 

iUilletin  51.  Small  Fruits  in  1899. 

Bulletin  52.  Rye  Meal  and  Quaker  Oats  Feed  for  Milk  Production. 

Bulletin  53.  Methods  of  Steer  Feeding. 
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DISTRIBUTION  OP  SEEDS  OP  VARIETIES  OP  PARM  CROPS. 


Many  inquiries  having  been  received  from  persons  living  in  various 
jjaiia  of  the  State,  who  desire  to  test  or  purchase  seeds  of  some  of 
tho  varieties  grown  here,  we  take  this  means  of  stating  that  the 
Station  does  not  make  any  free  distribution  of  seeds.  We  give  in 
oui  reports  the  source  from  which  we  obtain  seeds,  and  farmers 
can  usually  obtain  the  same  by  addressing  the  parties  named.  We 
endeavor  to  grow  each  variety  true  to  name  and  use  seed  from  re- 
liable persons  or  dealers.  The  small  surplus  of  each  variety  remain- 
intr  lifter  securing  our  seed  for  the  following  season  is  kept,  and  we 
will  supply  parties  desiring  the  same,  as  long  as  our  supply  lasts, 
charging  a  moderate  price,  which  hardly  covers  the  expense  of  keep- 
ing seed  pure  and  preparing  it  for  shipment. 


35_21_1900  ,       ,, 
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METEOROLOGY. 


By  William  Frbar  and  C.  W.  Nobris, 


It  is  universally  known  that  the  climatic  relations  of  any  locality  or 
season  determine  chiefly  the  succese  of  the  crops  raised;  but  very 
little  is  known  concerning  the  exact  relation  of  climatic  differences 
between  several  locations  or  seasons  to  the  success  or  failure  of 
any  crop,  except  in  the  most  general  way.  It  is  very  desirable, 
therefore,  to  fix  accurately  the  climatic  conditions  under  which  field 
investigations  are  carried  on,  and  to  determine,  if  possible,  to  what 
extent  and  in  what  way  a  gi^en  change  in  any  of  the  conditions  that 
go  to  make  up  the  weather  affects  the  various  plants  submitted  to 
test. 

The  work  of  the  past  year  has  been  chiefly  a  continuation  of  the 
work  of  the  preceding  years,  including  observations  of  the  kind 
usually  made  by  the  United  States  Weather  Service  upon  atmos- 
pheric phenomena  and  upon  the  amount  of  sunshine. 

The  results  of  the  observations  I'pon  atmospheric  phenomena  and 
the  amount  of  sunshine  have  been  reported  regularly  to  the  United 
States  Weather  Bureau. 

ATMOSPHERIC  METEOROLOGY. 

The  latitude  of  the  Station  is  about  40  degrees  55  minutes  N.,  and 
the  longitude  about  77  degrees  51  minutes  W.  The  altitude  of  the 
mercury  level  of  the  barometer  is  about  1,217  feet  above  sea  level. 
The  thermometer  shelter  is  sixty  feet  northwest  of  the  Station  office 
and  stands  sixteen  feet  above  the  ground. 

The  apparatus  used  consists  of  a  standard  mercurial  barometer 
reading  to  0.001  inch;  dry  and  wet  bulb  and  maximum  and  minimum 
thermometers  by  Green;  standard  8-inch  rain  gauge,  standing  two 
feet  above  the  ground  level;  weather  vane  and  anemometer. 
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SUNSHINE  RECORDS. 

The  importance  of  sunshine  in  plant  development  needs  no  com- 
ment. The  method  adopted  by  the  United  States  Weather  Service, 
of  recording  the  per  cent  of  cloudiness  at  8  A.  M.  .and  8  P.  M.,  af- 
fords only  a  moderate  approximation  to  the  real  amount  of  sunshine; 
therefore,  the  desirability  of  determining  more  closely  the  amount  of 
sunshine  received  by  the  vegetation  of  this  locality.  This  was  done 
by  means  of  the  apparatus  described  in  an  earlier  report,  by  which 
the  image  of  the  sun,  as  it  travels  about  a  spherical  reflector,  traces 
a  corresponding  arc  of  a  circle  upon  a  sensitized  paper  placed  in  a 
camera  focussed  upon  the  image  in  the  reflector;  any  break  in  the 
©unshine  causes  a  break  of  similar  duration  in  the  photographed 
path  of  the  sun's  image  around  the  sph-ere.  By  this  method  it  is 
possible  to  get  a  record  only  of  the  duration  of  sunshine,  and  not  of 
the  relative  intensity. 

The  observations  were  in  charge  of  Mr.  Norris.  They  were  begun 
before  the  sowing  season  in  the  spring  and  were  continued  to  the 
twenty-second  of  September.  The  following  table  shows  the  daily 
duration  of  the  sunshine  during  this  period: 


Sunshine  Records  for  1899. 


April. 


May.        June. 


July. 


A\iK. 


Sept. 


1. 

2. 

8, 

4. 

6. 

6. 

7, 

8. 

9. 
10, 
11, 
18. 
13, 
14, 
15, 
16. 
17. 
18, 
19. 
20, 
21, 
28, 
28. 
24, 
25, 
26, 
27, 
28. 
29, 


H-M 

8-36 

0-86  : 

5-24  . 
10-48  ' 
U-24  I 

9-0     i 

0-0 

0-0 

1-48  ' 
10-48  j 
10-48 

6-0  i 
10-12 

8-0 
U-24 

2-24 

6-0 
12-0 

7-48 

4-48 
10-48 
12-0 
12-0 

9-0 

4-48 

6-0 

9-36 
12-0 
12-0 

6-0 


H-M 

H-M 

8-0 

5-24 

6-86 

5-24 

8-86 

12-0 

9-86 

12-0 

8.86 

6-0 

8-36  , 

7-48 

6-86 

6-0 

0-0    ' 

8-86 

9-0    ' 

2-84 

9-67 

0-0 

7-26  1 

6-0 

9-50  1 

1-48 

2-9    1 

0-86 

12-0 

6-86 

9-0 

8-0 

8-36 

2-24 

0-0 

6-36 

2-24 

8-24 

1-12  , 

4-48 

2-24 

6-36 

1-12 

10-12 

9-0 

12-0 

8-24 

7-12 

9-57 

4-12 

12-0 

0-86 

12-0 

7-48 

1-48 

12-0 

9-36 

8-86 

8-24 

7-12 

11-24 

8-24 

H-M 

12-0 

12-0 
7-12 
7-12 
6-0 
0-0 
7-12 
0-0 
2-24 

12-0 
8-24 
7-48 
8-86 
7-48 
6-24 
2-24 
0-0 
9-86 
7-12 
7-12 

12-0 
6-86 

12-0 
4-48 
8-0 
9-0 

12-0 
6-0 
8-86 
4-48 

12-0 


H-M 
7-12 
4-12 

10-48 


12-0     I 

12-0 

12-0 

12-0 
8-24 
0-0 

10-48 

12-0 
4-48 

12-0 

12-0 

12-0 
6-24 

10-48 

12-0 
7-48 

10-12 
8-0 

12-0    I 
8-24  , 
7-48 
0-0 
4-48 
9-0    i 
6-0    I 
4-48  I 


H-M 
2-24 
f-0 
6-86 

10-48 
10-48 
12^> 
12-0 
6-24 
6-21 
10-12 
0-0 
7-48 
8-24 
12-0 
12-0 
12-0 
12-0 
12-0 
0-0 
0-0 
4-48 
12-0 


Means, 


7-24  i 


6-48 : 


8-18  j 


7-54 


Digitized  by 


Google 


ZH 


ANNUAL  REPORT  OP 


Off.  Doc 


a93s5?? 


t^«i<^«^aofc» 


I 


<3 


I 

I 


n 


J22SS!S5 


n 
n 


i 
i 
i 


I 


n 


51222 


Digitized  f)y 


Google 


No.  U  THS  PENNSYLVANIA  STATE  COLIiEQB.  896 

WEEKLY  CROP  REPORTS. 

At  the  request  of  the  Uoited  States  Weather  Service  and  the 
PeoDsjlvania  State  Weather  Service,  the  Station  has  made  weekly 
observations  npon  the  development  of  the  general  farm  crops  aa 
affected  by  the  principal  meteorological  conditions.  These  observa- 
tions were  made  by  Mr.  C.  W.  Norris,  under  the  general  8ui)ervision 
of  the  writer.  For  the  sake  of  the  light  they  may  throw  upon  the 
conditions  under  which  the  field  work  of  this  year  has  been  per- 
formed, to  aid  in  comparing  climates  in  different  portions  of  the 
State  and  to  make  a  permanent  record  with  which  comparison  may 
be  made  in  succeeding  years,  the  reports  are  tabulated  below  in  much 
the  form  in  which  they  were  transmitted  to  the  State  Weather  Ser- 
vice. 

The  reports  were  made  weekly  from  April  14  to  September  22,  the 
summaries  being  made  up  for  the  week  ending  at  8  P.  M.  of  the  day 
preceding  the  date  of  report. 
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NOTES  ON  THE  METEOROLOGY  OF  1899. 

To  represent  still  more  completely  the  seasons  of  1899  in  their  rela- 
tion to  agriculture,  a  summary  is  presented  below  of  those  data  most 
important  from  an  agricultural  standpoint,  grouped  so  as  to  show  the 
totals  for  the  entire  >ear,  for  the  winter  of  1898-99,  and  for  the  grow- 
ing season.of  1899,  and  to  this  are  added  a  few  of  the  more  important 
indicative  facte  concerning  the  season,  expressed  in  terms  of  the  de- 
velopment of  the  several  staple  crops. 


Annual  Summary. 


Mean  barometer  for  the  year  (corrected  and  reduced) 80.061  InchM. 

Highest  barometer  for  the  year  (January  2),  '    tO.816  InchM. 

Lowest  barometer  for  the  year  (December  24) 28.S86  Inches. 

Mean  annual  temperature 49.1  Dec  Fahr. 

Highest  temperature  (August  ao) '  96  Deg.   Fahr. 

Lowest  temperature  (February  10),   —20  Deg.  Fahr. 

Annual  range  of  temperature I   116  Deg.   Fahr. 

Mean  dally  range  for  the  year,  ,  18.8  Deg.  Fahr. 

Greatest  dally  range  (August  17),   ,  18  Deg.   Fahr. 

Least  daily  range  (February  13) ;  3  Deg.   Fahr. 

Mean  dally  relative  humidity,   78.4  per  cent. 

Annual   rainfall I  34.87  Inchea. 

Greatest  monthly  rainfall  (May), ,     4.77  Inches. 

Greatest  dally  rainfall  (August  26) 1.60  Inches. 

Days  on  which  .01  inch  or  more  of  rain  fell 127. 

Mean   percentage  of  cloudiness I  43.2  per  cent. 

Days  on  which  cloudiness  averaged  80  per  cent,  or  more, .i  75. 

Wind,  maximum  velocity  per  hour  (March  7) : 22  miles. 


Winter  of  1898-9,  October-March. 


Mean  temperature 

Lowest  temperature  (February  10),  

Total  rainfall  (rain  and  melted  snow) 

Total  snowfall,   

Greatest  monthly  snowfall  (December) 

Greatest  daily  snowfall  (January  6), 

Days  on  which  snow  fell 

Days  on  which  cloudiness  averaged  80  per  cent,  or  more. 


33.1  Deg.  Fahr. 
—20  Deg.  Fahr. 
22.11  inches. 
53.1    Inches. 
15.4    inches. 
6    inches. 
6S. 
64. 


Growing  Season  of  1899^  April- September. 


Mean  temperature J  64  Deg.  Fahr. 

Highest  temperature  (August  20),   I  96  Deg.  Fahr. 

Lowest  temperature  (April  3) i  21  Deg.  Fahr. 

Mean  daily  range 21.5  Deg.   Fahr. 

38  Deg.  Fahr. 

April   17th. 

September  aoth. 

74.7  per  cent. 
17. AS  Inches. 

1.60  inches. 
60. 

35.8  per  cent. 
21. 


Greatest  dally  range  (August  17), 

Last   froPt  in  spring 

First  frost  In  fall 

Mean  relative  humidity 

Total  rainfall 

Greatest  dailv  rainfall  (August  26) 

Days  on  which  .01  inch  or  more  of  rain  fell,  

Mean  percentage  of  cloudiness 

Days  on  which  cloudiness  averaged  80  per  cent,  or  more, 

Average  hours  of  sunshine  per  day 7  hr.— 0  min. 
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Principal  Periods  of  Or  op  Development. 


WHEAT: 


Seeded Aug.  26-Sept.  2.  1898. 

In  bloom ,  May  81.  WW. 

Ripening June  20.   1899. 

Harvested ;  July  1,  1899. 

OATS; 

Seeded April   18.    1899. 

Ripening July  10.   1899. 

Harvested July  20.  1899. 

CORN:  I 

Planted May  1.  1899. 

Cut.  ;••••. !  September  12.  1899. 

Husking  begun September  20.  1899. 

POTATOES:  , 

Planted May  5.   1890. 

Harvested  (late  varieties) September  12,  1899. 

GRASS: 

Cut June  80,   1899. 

CLOVER: 

In  bloom June    1,    1899. 

Cut June  20,   1899. 
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TEMPERATURE  AND  RAINFALL— EXCESSES  AND  DEFICIENCIES  OF 
WEEKLY  AVERAGES. 

In  order  to  meet  inquiries  frequently  made  concerning  the  weather 
of  the  current  seasons  as  compare*!  ^ith  corresponding  brief  periods 
in  earlier  years,  a  set  of  averages  by  weeks  has  been  prepared  from 
the  date  for  mean  daily  temperature  and  rainfall  for  the  years  1883 
to  1899,  both  inclusive,  but  omitting  the  year  1885,  +he  data  for  which 
were  incomplete.  The  following  summary  shows  the  variations  of 
1899  from  the  averages  for  sixteen  }  ears,  excess  and  deficiency  being 
respectively  indicated  by  the  plus  •+)  and  minus  ( — )  marks  prefixed 
to  the  figures. 


Weekly  Averages  of  lemperature  and  Rainfall, 


Weeks. 


Temperature.    (Deg.   Pahr.) 


RalnfaU.    (Inches). 


1«  year 
mean. 


1899. 


Exceu 
I         or        ' 
deficiency. , 


ICyear 


U99. 


BxoeM 

or 

deficiency. 


1  January  1-7,  

t  January  8-14,    

S  January  16-21,    

4  January  22-28,    

5  January  29— February  4,  ... 

6  February   6-11,    

7  February  12-18,    

8  February   19-25,    

9  February  26— March   4, 

10  March  6-11 

11  March  12-18 

12  March  19-25 

18  March   2fr-Aprll   1 

14  April  2-8,    

1*  April  9-16 

16  April    16-22 

17  April    28-29 

18  Aprtl  30-May  6 

19  May   7-13 

20  May  14-20 

21  May  21-27 

22  May  28— June  8 

23  June.   4-10 

24  June  11-17 

26  June  18-24 

26  June  25— July  1 

27  July  2-8 

28  July   9-15 

29  July  18-22.    

80  July   23-29 

81  July  80— August  6 

82  August   6-12 

88  August   18-19 

34  August  20-26,    

85  August   27— September  2,... 

86  September   3-9 

87  September    10-16 

88  September   17-23 

89  September  24-80 

40  October  1-7,    

41  October  8-14 

^  October  15-21 

43  October  22-28 

44  October  29— November  4,... 

45  November  5-11 

46  November  12-18 

47  November  19-2.5 

48  November  26— December  2,. 

49  December  8-9,    

50  December  10-16 

51  December  17-23 

52  December  24-31 


26.7 

24.9 

25.7 

25.7 

27.4 

26.1 

28.7 

29.6 

28.7 

82.6 

83.8 

86.7 

86.9 

41.4 

46.7 

60.9 

65.4 

58.2 

59.6 

67.7 

60.2 

64.3 

66.7 

67.6 

67.6 

68.7 

70.7 

68.6   I 

72.2 

70.2  I 

68.9 

69.1  I 
68.6 

67.6  I 

67.8  ' 

66.7  I 
65.6   , 

61.9  I 
68.3 
66.0 
61.8 
49.6  I 
46.9 
56.4 
46.0 

40.2  I 
88.4   ' 
84.7 
80.4 

31.8  , 

82.3  ' 
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deficiency  In  temperature  for  1899  Is  .21  Deg.  Fahr. 
'ficlency  In  rainfall  for  1899  Is  .07  inches. 
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WEATHER  SIGNALS. 

By  arrangement  with  the  State  Weather  Service  and  through  the 
courtesy  of  the  Penneylvanla  Railroad,  the  Station  ia  in  daily  re- 
ceipt of  the  weather  predictions  for  Penn^lvania,  issued  by  the 
United  States  Weather  Bureau.  These  predictions  cover  the  weather 
(whether  rainy  or  fair),  temperature  and  wind  for  the  day  of  issue. 
To  secure  a  speedy  and  widespread  dissemination  of  these  predic- 
tions, the  State  Weather  Service  has  ieeued  signal  flags,  by  means 
of  which  the  weather  and"  temperature  for  thirty-six  hours  after  7 
A.  M.  of  the  day  for  which  the  prediction  has  been  made,  may  be  in- 
dicated. These  flags  the  Station  displays  from  the  flag-staflf  on  the 
top  of  the  College  tower,  whence  they  are  visible  for  quite  a  distance 
on  every  side. 
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Field  experiments 11 

Financial  statement, 7 

Flat  pea,  294,  295,  298 

Forage  crops,  miscellaneous,  284 

Fruits,  small,  in  1900, 

Gooseberries,   371 
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Grandeau's  matiere  noire, 124 

Hedges  of  shrubs, 375 

Horticulture,   12 

Humus,  computation  of,  from  analytical  data, 195 

determination,  methods  of,  188 

influence  of  lime  upon,  125 

notes  on,  201 

of  soil,  eftect  of  various  systems  of  fertilizing  upon, 183 

Inoculation  of  soil  for  alfalfa, 307, 308 

Library,   13 

Lime  added  in  fertilizers, 72 

Lime,  amount  applied, 25, 152 

as  carbonate 143, 145, 147, 149 

circumstances  suggesting  use  of, 151 

compounds  of,  in  plants 62 

correspondents  on,  list  of, 155, 156, 157 

cost  of,  in  Pennsylvania, 56, 57 

crops  upon  which  used, 24, 25 

distribution  of,  in  the  plant, 61 

eftect  of,  upon  nitrogenous  substances  of  soil, 130, 138 

eftect  of,  upon  form  of  plants, 64 

soil  acidity,  112, 115, 120 

soil  phosphoric  acid, 99, 100 

influence  of,  upon  organic  matter  of  soils, 122, 125, 128, 129 

weathering  of  rocks,  108, 109 

in  clay-burning,  importance  of,  109,110 

in  plants,  57 

in  soil,  coarse  and  flne  parts  of, 67 

eftective  amount  of,  69, 71 

relation  of,  to  organic  matter, 69 

in  soil,  richness  of,  indicated  by  vegetation, 69 

in  soils,    65 

compounds  of,  present,  65, 66 

various,  proportion  of, 66, 67 

surface  and  subsoils,  68 

loss  of,  by  cropping, 71 

manner  of  application  of 26. 158 

nature  of, 27, 28 

Pennsylvania  experiments  with,  summary  of  results, 150 

preparation  of,  158 

quantity  of,  in  plant  ashes, 57,  58 

removed  by  crops, 28,  59,  60 

slaking  of, 51,  52,  54,  55 

soils  upon  which  used,  21,  22,  24 

solubility  of 68 

time  of  application,  152 

use  of,  on  Pennsylvania  soils, 15 

in  the  plant, 63 

weight  of,   49,  50 

yield  of,  40,  41 

sometimes  present  In  excess,  62 

substitutes,    153, 154 

Lime-burners  and  dealers,  addresses  of, 158, 159 
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Lime  burning,  38 

losses,  40 

methods  of 41,  42, 46,  48 

stages  of,  48 

temperature  of,  39, 40 

Ume  of,   48, 49 

Limes  and  lime-burning, 39 

Limes,  magnesian,  injurious  eftects  from,  74,  76 

value  of, ^ 73,  74, 76 

Limestone,  impure,  burning  of, 48 

range  of  composition  of 38 

tests  for  quality  of, 56 

variability  of,  38 

formation,  geology  of 28,  29, 30, 31 

rocks,  Pennsylvania,  quantities  of  lime  in, 32 

soils,  not  always  rich  in  lime, 67 

Limestones,  impurities  in,  33 

magnesian,  34 

of  Pennsylvania,  27 

analysis  of,  38, 169, 166, 176 

Liming,  chemical  eftects  of, 90,  93,  94,  97, 100, 108 

eftects  of,  upon  character  of  vegetation, 138, 140, 142, 143 

eftects  of,  by  classes,  73 

frequency  of, 25, 151 

history  of,  16, 17, 18, 19 

influence  of,  upon  soils,  73 

mechanical  eftects  of,  83,  86,  87,  88,  89 

practice  of, 151 

in  neighboring  states 19,  20 

Pennsylvania,  present  practice  of,  21 

Magnesium,  functions  of,  in  plants, 75 

sulphate,  use  of,  as  a  fertilizer, 76 

Manure,  stable,  fermentation  of,  123 

Manurial  value  of  excreta  of  milch  cows, 321,  330,  350 

Matlere  noire,  relation  of  Ume  to, .^ 126, 127, 128 

Meteorology,  - 388 

atmospheric,  388 

Methods  of  steer  feeding, 309,  312, 316 

Mlloh  cows,  excreta  of 321,  330,  350 

Millet 304,  305 

Needs  of  the  Station, 13 

Nitrogen  of  the  soil,  199 

Nutrition,  animal 9 

Officers  of  the  Station, , i 5 

Pennsylvania  experiments  with  lime  on  soils, 76, 77, 78 

limestones,   27 

limestones,  formation  of,   35,  36,  37 

Personnel,  13 

Plants,  calclphlle  and  calcifuge, , 64 

compounds  of  lime  In, 62 

distribution  of  lime  In, 61 

excess  of  lime  In, 62 

functions  of  magnesium  in, 
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lime  in,  57 

uses  of  lime  in, 64 

Publications,    12,  386 

Rancidity  in  butter-fat,  chemistry  of, 246,  246,  247 

Raspberries,  tests  of  varieties  of, 368 

notes  on  varieties  of,  368,  369 

Rocks,  influence  of  lime  upon  weathering  of, 108 

Rose  soils,  analyses  of, 177, 179, 182 

Seeds,  distribution  of, 387 

Separators,  observations  on 318 

De  Laval, 320 

Sharpless  Tubular 319 

United  States,   319 

Shrubs,  grouping  of, 375 

hedges  of,  375 

ornamental,    377 

planted  singly,   375,  376 

proper  use  of,  372,  373,  374 

Small  fruits  in  1900 352 

Soil,  chemical  analysis  of, 79,  80,  81 

effective  amount  of  lime  in, 70,71 

humus  of,  effect  of  various  systems  of  fertilizing  on, 183 

lime  in  coarse  and  fine  parts  of, 67 

nitrogen  of,   199 

nitrogenous  substances  of,  effect  of  lime  on, 130 

experiments  with  lime,  detailed  plan  of, .' 82,  83 

inoculation  for  alfalfa,  307 

Soils,  influence  of  liming  on, 73 

lime  in, 65 

limestone,  not  always  rich  in  lime, 67 

muck,  action  of  lime  on, 119 

Pennsylvania,  experimented  upon  with  lime,  76,  77,  78,  79 

rose,  analyses  of,  177, 179, 182 

surface  and  subsoil,  lime  in 68 

Steer  feeding,  methods  of 309,  312,  316 

Strawberries,  notes  on  varieties  of , .  .363,  365,  367 

tests  of  varieties  of, 352,  355,  362 

Spurry 303 

Sunflower,   305,  306 

Vetches,   299,  300,  302 

Wheat,  variety  tests  of, 277,  280, 281 

early  and  late  sowing, 282,  283 

Yard  manure,  organic  matter  applied  in, 185 
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